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Chapter 1. Introduction 
In August 1973 a "Report on Wastewater Facili­
ties for the Area South and West of the Elizabeth 
River" was submitted to the Hampton Roads Sanitation 
District Commission by Malcolm Pirnie Engineers. The 
recommendations of the consultants were to construct 
a new sewage treatment plant somewhere in the vicinity 
of Pig Point near the mouth of the Nansemond River 
and to deactivate the existing Western Branch STP. 
The engineering team of "McGaughy, Marshall & 
McMillan-Hazen and Sawyer: A Joint Venture" were 
commissioned to formulate more complete and specific 
plans and to evaluate the environmental impact of such 
a treatment plant. 
The Virginia Institute of Marine Sciences was 
contracted by the engineers to conduct several 
oceanographic studies and to summarize the available 
knowledge on the circulation for Hampton Roads. These 
studies are described in greater detail in the sub­
sequent four volumes of this report: 
Volume 2. An Analysis of Currents and Circula­
tion in Hampton Roads 
Volume 3. Water Quality Monitoring of Hampton 
Roads and the Nansemond River: 
Summer 1974 
Volume 4. A Survey of Commercial Shellfish in 
the Vicinity of Newport News Point 
and Pig Point in the Lower James River 
2 
Volume 5. A Model for Predicting the Pollutant 
Distribution from an Outfall in a 
Tidal Estuary. 
The summaries from these four volumes are in­
cluded in this volume, as well as an overall summary 
for the entire study. 
3 
Chapter 2. Summary 
For the Hampton Roads area, tidal currents are 
predominant over currents due to freshwater trans­
port. Thus the circulation pattern and the currents 
in the region are relatively constant, and most of 
the fluctuations can be related to variations in the 
tide range. Flood currents are strong over Hampton 
Flats and in the dredged navigation channel. Ebb 
currents are strong in the natural channel south of 
Newport News Middle Ground. The ebb flows from the 
James and the Nansemond combine near Newport News 
Point, flow towards the shore south of Sewell's 
Point, and force the water ebbing from the Elizabeth 
River to follow the shoreline. The total flow is 
deflected to the northeast and leaves Hampton Roads 
primarily through the natural channel. 
The differences between flood and ebb currents 
and the large differences in the times of slack water 
throughout the area result in a circulation pattern 
which tends to disperse materials introduced into 
the system. Field studies were conducted at a single 
location, the so called "Fox Trot" naval ammunition 
loading piers south of Newport News Point. Steady 
state dye concentrations for this injection site were 
calculated with a mathematical model. With the ex­
ception of· high concentrations near the injection 
4 
site, the highest far field concentrations pre­
dicted for this particular injection site occurred 
near Sewell's Point. 
Dissolved oxygen levels in the study area dur­
ing the summer of 1974 normally met the water qua­
lity standards of a daily average of' 5 mg/1 and a 
minimum value of 4 mg/1. The DO deficits which 
would result from the anticipated 1995 loadings to 
the sewage treatment plant and discharge of the 
treated effluent at the previously described loca­
tion were calculated to be on the order of 0.1 mg/1. 
Coliform levels were normally low throughout 
the area, but were high at the upper stations in 
the Nansemond River and at the surface at high 
water slack near Old Point Comfort. An overloaded 
treatment plant at Suffolk is believed to cause 
the high coliform levels in the Nansemond, but 
the high levels near Old Point Comfort have not been 
correlated with any known source. The chlorination 
requirements of the State Water Control Board will 
result in a effluent with a coliform level of around 
5 / 100 ml on the average and 10 / 100 ml maximum. 
Therefore there whould be only a modest increase in 
bacterial levels associated with normal operations 
of this plant. In the event of complete power fail­
ure and the discharge of untreated sewage, the 
maximum coliform levels would be around 500 per 
5 
100 ml, with the area east of Pig Point generally 
having levels greater than 70 / 100 ml. 
Chlorophyll levels throughout the area in 1974 
were generally quite low. The total phosphorus 
level exceeded those limits set by EPA to maintain 
a desirable level of chlorophyll. Therefore one 
must conclude that some other factor is limiting 
algal growth in the area. The concentration of 
available nitrogen appears from the data to be limit­
ing the algal populations in the study area. In 
order to exceed the desirable limits set by EPA for 
lower salinity areas, the ambient river levels of 
roughly 15 to 20 microgram atoms per liter would 
need to be doubled. The math model predicts maxi­
mum increases in the total nitrogen level for the 
anticipated 1995 loadings to be around 3 µg at/1 
near the outfall and 1 µg at/1 far from the outfall. 
On the north side of the estuary, the region 
from Newport News Point to Old Point Comfort was 
highly productive of hard clams with densities in 
some samples approaching 150 bushels per acre. On 
the south side of the James, a highly productive area 
begins downriver of Craney Island and extends to the 
mouth. Oysters were found on the south side of the 
river beginning at the mouth of the Nansemond River 
and extending upriver. Densities over most of the 
area were low, but on top of two public rocks, 
Nansemond Ridge and Cruiser Shoals Rock, 35 bushels 
6 
per acre and 72 bu/acre were recorded respectively. 
Soft clams were found from Craney Island to Knotts 
Creek in the intertidal zone out to a depth of about 
three feet below mean low water. 
7 
Chapter 3. Conclusions from "An Analysis of Currents 
and Circulation in Hampton Roads" 
1) The circulation in Hampton Roads is dominated by tidal
currents. Winds produce some modifications to these currents, 
but the effects are transitory ann normally do not reach 
depths greater than a few meters. In general winds are not 
a major factor in the circulation in Hampton Roads, except 
for the shallow areas. Freshwater flow does change the 
salinity stratification, but even rare events such as the 
200-year flood due to Tropical Storm Agnes in 1972 do not
appreciably modify the tidal currents in Hamnton Roads. The 
primary source of variation in tidal currents, then, is the 
variation in tide range due to diurnal inequality, spring to 
nea� tide cycle, and barometric pressure changes (storm surge). 
2) Current speeds are greatest in the deeper sections, so
that most of the flow passes through the natural and dredged 
channels. The circulation i� Hampton Roads is not the same for 
flood and ebb tide. The f 1002. tide predorr.inates over Hampton 
Flats, and the flow of �ate� is greatest in the navigation 
channel north of the Mic.dle G:?:"ound. The flow up the James 
turns sharply around Nei-.�8r"': ::ews Point. 'I'::e flow toward the 
Slizabeth River is sizea�le, but about half of the flow is to 
the west, just north of Craney Island, and the other half is 
into the Elizabeth River -oro-:Jer. The flm, to the Nansemond 
is direct through the c�a:::nel south c: Middle Ground and then 
un the Nansemond channel. E:::.:.:ies are believed to forn in the 
lee of both Se\:ell 's Poi:::-: a:-!i Crane�:' Island during flood tide. 
8 
These eddies affect the dispersion of materials discharged 
into Ha�pton Roads. 
3) During ebb tide, the flow of water down the James and
out of the Nansemond passes along the main channel with the 
larger portion in t.�e natural channel south of Middle Ground. 
This flow is directed toward the shoreline south of Sewell's 
Point be=ore it is deflected toward Old Point Comfort. As 
such the ebbing flow of the Elizabeth is forced against the 
shoreline. Early flood in the Elizabeth and late ebb in 
the James are at the same time, so that the flow towards 
Sewell's Point branches into two streams: one entering the 
Elizabeth and a second strea� out the river mouth. 
4). Comparison of prototype a�d model data indicates that 
the James River Hydraulic Model reproduces all of the essential 
features of the tidal circulation in Hamoton Roads. The pro­
gression of the slack water wave, flow distribution and 
currents at specific points tend to conform to behavior 
in the prototype. Reproductio� is never exact due to the 
mean tide and other non-varying conditions in the model, and 
some features and ce�tain regions are replicated better than 
others. ��e fundamental feat�res of the circulation, however, 
are reproduced to such an exte�t that the model can be used to 
determine t�e najor effects of modifications to Hampton Roads. 
5) Lm\' freshwater discharges :re:sul t i:-. greater salinity 
intrusion a�d reduced vertica: s�rati:ication. Hig� fresh­
water :lm·;s compress t':1e saline s2ction and increase ve�tical 
9 
stratification. The greatest variations occur in the region 
upstream of the James River Bridge. The surface to bottom 
salinity difference in Hampton Roads does vary significantly 
from season to season, with strong stratification in spring 
and with a much smaller salinity difference in late summer 
and early fall. 
6) An examination of the net non-tidal circulation shows
that the water near the surface tends to flow to the Bay 
while the net flow near the bottom is upriver. These net 
flows are dependent on t�e sa:inity stratification. 
10 
Chapter 4. Conclusions from "Water Quality Monitoring 
of Hampton Roads and the Nansemond River: 
Summer 1974 11 
The Hampton Roads system,which includes the estuary 
of the Nansemond River, receives large quantities of both 
industrial and domestic �astes. From late April to late 
September, 1974, slack wate'r runs were made to determine 
the water quality conditions for the Hampton Roads­
Nansemond River system. Samples we�e taken at the eleven 
stations as close to slack water as possible because 
conditions tend to be more stable -::.::ian during floor or ebb. 
In addition, slack water represent2 the bounds between 
which the system fluctuates. 
The physical parameters measured during each run 
were temperature, salinity, dissolved oxygen (DO) and 
biochemical oxygen demanc"1. (BOD). T!1e following conclusions 
were reached: 
temperature - normal variaticns durins the period 
salinity - By June 25, 1974 tte system was generally 
�Qrrogeneous with vertical stratification 
nea�ly eliminated except near the mouth of 
Ha:r.�::'.)!'l ?.oads. Ho,.-1e•1er, due to the fact 
that the summer of 197.1 1.·1as relatively wet, 
low water slacks in August showed increased 
·.1ertical s::ratification, uostr2am migration
'.)f isa��:��es a�d increased s2linities near 
... h <:> ···,�. - .. ,- .... �. � .... '-' . . 
11 
BOD - Due most likely to reduced bacterial activity 
resulting from low water temperature, 
high B2J concentration values were found 
i:.1 the ?�c1:.1semond during April. The maximum 
values ��roughout the remainder of April 
an� May decrease�. Hig� values in August 
were at�ributed to heavy rains. 
DO - It was found that the water quality standard 
of a daily average DO of greater than 
5 mg/:. was met thro·.1qhout most of the region 
:or mos:. of the SUITIIT'.er. 
Surface and bot�orn samples were collected at 11 
s ta tio::s in t!1� Hainptor. Roads - lower Nansemond River 
ar2as during 10 sampl��; slack water runs from late 
�pril througi A�gust ��� analyzed for nutrients, nitrogen 
a�J -��sph2r�s a�d �or ��lorophyll content. 
-:::1c follc.:ir.g c:c:::-.::lt.:sions v1ere reac�ec: 
.:::1 lu�..:: ::::· ·:::. - � ·.::. �rcphyll lc:E.,ls recorded in the 
E:.�j� -�:a were gen�rally quite low, wit� 
�l�al -]�lations £fnerally higher in the 
2-:·.-.::1. ser:-::::ind t·.�-- _;_n I-ia�pton Roads. 
entire are� �as sufficient phos­
;,:-:::rc--::: :::, excee-'.'l t:-,e desirable level of 
Sc�e fa���r. other than phosp�orous 
:s r'.'.'.)f.:. :.i�:(:ly lir:i ting algal growth in t!1e 
12 
nitrogen - The concentration of available nitrogen 
appears from the data to be limiting 
the algal populations in the study area. 
In assessing wate� quality in the Nansemond River, 
levels of both fecal and total coliform bacteria were 
deterrr.ir.ed. However, because of their close correlation 
\·;i th the presence of war�·-bloodied animal fecal contam­
ination and the fact that they are more likely to be 
tra�sie��s in the estuaries, it is felt that fecal coliform 
bacteri� are more useful as sewage co:1tamination indicators. 
T�e highest densities of total and fecal coliforms were 
-.::;bs�rvc-:: at stations 10 a!:.d 11 in tl:le Nansemond River at low slack 
tic.0. During t.11e same tidal conditions, moderate levels of 
coli�or� organisms were observed off Newport News Point in the 
·:ici :-ii':.': of Small Boat Harbor whereas all other river stations
·h:Y,·.'·:...d ';_-::.·.1 le\·eJ s of fee:::.. coli forms. However, under high
iic:c =::l�::�: conditions, :e::al pollution was more concentrated in 
� :�c. � ·.�:::ace water samples near Old Point Comfort than at any 
c;:.-:: C: mo:-. i to red. ':i·c.-:::al and fecal coliforms decreased in 
:·,c · · :-.cmd ?:1 .. sr, o:::· -:,Je,.:port Nev:s Point and at other
� .. � - . .... ... . stiJ.-:.::.:-.-:s :}ur�· ::.igh tide slacl-::. T�ere ap!)eared to 
· .. 2c12;.: 10 €:: ::c c1...·. �-: seasonal c�ange during the sampling
·.1 c0li�c�r denri:ies. Examination o� s�ellfish from
�iat oysters concentrated both total 
13 
Chapter 5. Conclusions from "A Survey of Commercial 
Shellfish in the Vicinity of Newport News 
Point and Pig Point in the Lower James River" 
A study was made by the \irginia Institute of 
Marine Science May, June and July of 1974 for a joint 
venture of McGaughy, Marshall, and Mc Millan - Hazen and 
Sawyer, to determine density of oysters, hard clams 
and soft clams near Newport News Point and Pig Point, 
in relation to the location of a proposed sewer out­
fall. 
Within the study area on the north side of the 
James medium to high �ard clam abundance occurred 
down-river from !,ewport News .Point with lower levels 
above this zone. On the south side of the channel, 
off Pig Point and the mouth of the Nansemond River, 
ha�d clams were not present or they occurred at low 
levels of abundar.ce. It is thought that the region 
just above represents the up-river limit of the 
species in the Ja�es. 
Previous st�=ies on hard clam distribution 
indicate that the region from Newport News Point to 
Old Point Ccn�ort �s highly productive of hard 
clams v:ith densit::..es in some samples approaching 
150 bu/acre. On the south side of the lower James 
a highly producti�e area begins down-river from 
Craney Islar:d and extends to the mouth of the James. 
T�is study as well as those made previously 
14 
by VIMS indicate that oysters are now extremely 
scarce or absent in almost all places down-river 
from a line extending from Newport News Point to 
Pig Point. Above this line on the north side for a 
distance of about 1-1/3 miles they were also shown 
to be almost non-existant. Oyster distribution 
began on the Baylor Grounds on the south side of the 
system beginning at about the mouth of the Nansemond 
River. Densities over most of the area surveyed 
were low. However, on the top of two public rocks, 
Nansemond Ridge and Cruiser Shoals Rock, 35 bu/acre and 
72 bu/acre were recorded, respectively. 
Soft clams were found from the vicinity of 
Craney Island to Knotts Creek from the intertidal 
zone out to a depth of about 3 feet MLW. Clams 
o=f shore of the intertidal zcne were all large 
(3 to 3 1/2 inches). 
15 
Chapter 6. Conclusion from "A Model for Predicting 
the Pollutant Distribution from an Outfall 
in a Tidal Estuary" 
1. Dye was released from a Navy loading platform located in
Hampton Roads at latitude 36°56'04" and longitude 76°24' 30".
This site was chosen for the release because it is near
the proposed outfall diffuser location.
2. The dye used for the experiment, Rhodamine WT, has a
density of 1.2 gm/cm3 • When diluted the dye solution had
a density of 1.11 gm/cm3 which was heavier than the
receiving waters. In order to achieve quicker vertical
mixing, the dye was released 1.5 feet below the surface of
the water. The negative buoyancy of the dye assures quick
downward spreading and mixing. This fast vertical mixing
was necessary in order to simulate the effluent from the
diffuser which would be mixed throughout the water column
very quickly by jet action and density difference. The
fact that the dye release is at the surface and the
effluent from the diffuser is at the bottom will not effect
model results as -long as the vertical mixing is accomplished.
3. The initial mixing zones for the ebb and flood releases were
determined from the field -experiment. These mixing zones
define the regions within which the dye was not completely
mixed throughout the water column during the initial sampling
periods after the dye release.
4. The model results for slack before flood indicated that
16 
little of the effluent constituents would be found west of 
Newport News Point. Maximum concentrations outside of the 
mixing zone were found just off Sewells Point. Thus the 
major impact of the effluent outside of the mixing zone 
is predicted to be in the Norfolk Harbor Reach of the 
Elizabeth River at slack before flood. 
5. The model results for slack before ebb predict the effluent
to be much more widespread throughout the Hampton Roads
than at slack before flood. Concentrations are predicted
to be fairly high throughout the area south of Newport News
Point. Concentrations of effluent are appreciable off
Sewells Point. Major impact of the effluent outside of
the mixing zone will be near Newport News Point and in
the Norfolk Harbor Reach of the Elizabeth River near
Sewells Point.
6. The average wind speed during the dye sampling was only 7
knots and the vector average wind speed was only 2 knots
from the south, so the wind would have little effect on
the raw data upon which the model is based. Thus the model 
should not reflect any influence from the wind. 
The wind speed and direction will effect the distribution 
of the effluent from the diffuser in two ways, wind driven 
mass transport and waves. In general the wind drift will 
be approximately in the direction of the wind and will be 
a small percentage of the wind speed. Thus a wind from the 
northeast could have the effect of blow
ing sewage constit-
17 
uents toward the Nansemond River where none are predicted 
by the model. Waves will enhance the vertical mixing and, 
thus, reduce the size of initial mixing zone. 
18 
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CH.t-"\.P'l'ER 1. CONCLUSIONS 
1 
1) The circulation in Hampton Roads is dominated by tidal
currents. Winds produce some modifications to these currents, 
but the effects are transitory and normally do not reach 
depths greater than a few meters. In general winds are not 
a major factor in the circulation in Hampton Roads, except 
for the shallow areas. Freshwater flow does change the 
salinity stratification, but even rare events such as the 
200-year flood due to Tropical Storm Agnes in 1972 do not
appreciably modify the tidal currents in Hampton Roads. The 
primary source of variation in tidal currents, then, is the 
variation in tide range due to diurnal inequality, spring to 
neap tide cycle, and barometric pressure changes (storm surge). 
2) Current speeds are greatest in the deeper sections, so
that most _of the flow passes through the natural and dredged 
channels. The circulation in Hampton Roads is not the same for 
flood and ebb tide. The flood tide predominates over Hampton 
Flats, and the flow of water is greatest in the navigation 
channel north of the Middle Ground. The flow up the James 
turns sharply around Nev.rport News Point. The flow toward the 
Elizabeth River is sizeable, but about half of the flow is to 
the west, just north of Craney Island, and the other half is 
into the Elizabeth River proper. The flow to the Nansemond 
is direct through the channel south of Middle Ground and then 
up the Nansemond channel. Eddies are believed to form in the 
lee of both Sewell's Point and Craney Island during flood tide. 
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These eddies affect the dispersion of materials discharged 
into Hampton Roads. 
3) During ebb tide, the flow of water down the James and
out of the Nansemond passes along the main channel with the 
larger portion in the natural channel south of Middle Ground. 
This flow is directed toward the shoreline south of Sewell's 
Point before it is deflected toward Old Point Comfort. As 
such the ebbing flow of the Elizabeth is forced against the 
shoreline. Early flood in the Elizabeth and late ebb in 
the James are at the same time, so that the flow towards 
Sewell's Point branches into two streams: one entering the 
Elizabeth and a second stream out the river mouth. 
4) Comparison of prototype and model data indicates that
the James River Hydraulic Model reproduces all of the essential 
features of the tidal circulation in Hampton Roads. The pro­
gression of the slack water wave, flow distribution and 
currents at specific points all tend to conform to behavior 
in the prototype. Reproduction is never exact due to the 
mean tide and other non-varying conditions in the model, and 
some features and certain regions are replicated better than 
others. The fundamental features of the circulation, however, 
are reproduced to such an extent that the model can be used to 
determine the major effects of modifications to Hampton Roads. 
5) Low freshwater discharges result in greater salinity
intrusion and reduced vertical stratification. High fresh­
water flows compress the saline section and increase vertical 
3 
stratification. The greatest variations occur in the region 
upstream of the James River Bridge. The surface to bottom 
salinity difference in Hampton Roads does vary significantly 
from season to season, with strong stratification in spring 
and with a much smaller salinity difference inJate summer 
and early fall. 
6) An examination of the net non-tidal circulation shows
that the water near the surface tends to flow to the Bay 
while the net flow near the bottom is upriver. These net 
flows are dependent on the salinity stratification. 
CHAPTER 2. INTRODUCTION 
4 
The coastal zone has been the center of great dev­
elopment in recent years. The Hampton Roads region, for 
example, is one of the fastest growing areas in Virginia, 
which itself has experienced a higher growth rate than 
most other states. The estuaries of the coastal zone are 
often used to remove the waste waters from municpal sewage 
treatment plants and the wastes generated by industry and 
commercial shipping activities. These wastes can be 
ecologically damaging and render the water unfit for many 
uses. Because currents affect the transport and disper­
sion of both suspended and dissolved materials in the 
water, it is very important to know the circulation pat­
terns. 
The purpose of this report is to review the exist­
ing data on currents in Hampton Roads and to identify 
the factors which modify the normal circulation. 
Physical features of Hampton Roads 
Hampton Roads is a natural harbor which includes the 
most downstream reach of the James River and the Nansemond 
and Elizabeth Rivers, as shown in Figure 1. 'I'he mouth 
of the James River is bounded by Old Point Comfort to the 
north and Willoughby Spit to the south. Fort Wool is 
located.midway between them. Five miles southwest of Old 
Point Comfort is Newport News Point, the pivot point of 
the James River as it turns from a southeasterly trend 
in the reach below Hopewell to a northeasterly trend 
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near the mouth. Due south of Newport News Point and across 
the river is Pig Point, the eastern boundary of the mouth 
of the Nansemond River. The Craney Island Dredge Spoil 
Disposal Area, located about 3 miles east of Pig Point 
near the mouth of the Elizabeth River is a major man-made 
alteration to the area approximately 2 miles by 2 miles 
in dimension. The northward continuation of the east 
bank of the Elizabeth River culminates in Sewell's Point, 
due east of Willoughby Spit. 
Hampton Flats is a large shallow area located be-. 
tween Old Point Comfort and Newport News Point. Hampton 
Bar extends to the southwest from Old Point Comfort, while 
Newport News Bar extends east from Newport News Point. 
These two bars form the southern and southeastern boundary 
of Hampton Flats. Newport News Middle Ground is a large 
shoal in the center of Hampton Roads, separating the 
dredged navigation channel to the north and the natural 
channel to the south. 
These features, other reference points and water depths 
are identified on the appropriate Coast & Geodetic Survey 
navigation charts: 
Chart #400 - Hampton Roads 
Chart #452 - Norfolk Harbor and Elizabeth River 
Chart #529 - James River: Newport News to Jamestown 
Island (inc�uding the Nansemond River) 
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The James River Hydraulic Model 
The Corps of Engineers has constructed a scale 
model of the James River which is housed at their 
Waterways Experimental Station in Vicksburg, Mississippi. 
The entire tidal James is included, from Old Point Comfort 
at the mouth to Richmond at the fall line. Horizontal 
dimensions are scaled at a ratio of 1 to 1,000. If this 
same ratio were used for vertical scaling, water depths 
in the model would often be so small that surface tension 
effects would become important. Therefore, the larger 
ratio of 1 to 100 was chosen for the vertical scaling 
factor. One result of this distortion is that the model 
has less boundary roughness than the prototype. "Rough­
ness strips", bands of metal protruding from the model 
floor, are used to increase the roughness in the model 
and are adjusted to replicate the current velocities 
found in the real world. Other scaling factors were 
chosen so that water movements induced by gravitational 
forces would be reproduced accurately. This type of 
scaling is referred to as Froude scaling. Theoretically, 
physical phenomena such as mixing and dispersion which 
depend on turbulence and the frictional damping due to 
the viscosity of water cannot be reproduced accurately in 
a Froude model. Theoretical considerations notwithstanding, 
many respected scientists and engineers have used Froude 
models to study problems such as pollutant transport 
and dispersion in estuaries, the dissipation of thermal 
8 
discharges from power generating stations, and changes 
in the salinity regime due to channel modifications. 
The success of these studies has not been uniform, but by 
and large, the model predictions have been quite good. 
The large expenditures of time and money which are re­
quired for comprehensive field studies often dictate that 
the hydraulic model be used instead. Although the model 
measurements include some error, the predictions are 
sufficiently accurate for most engineering projects. 
Errors due to sampling techniques, variations due 
to diurnal and seasonal cycles, and the extreme events 
of floods and droughts must be considered when one makes 
an assessment of the accuracy and reliability of mea­
surements of conditions in estuaries. In this light, 
the errors and uncertainty associated with modeling do 
not stand out as being unreasonable. The James River 
hydraulic model has been used for a variety of engineer­
'ing and environmental studies. Since modeling is not only a 
science but also an art, the results of these studies 
vary with the skill of the investigators and the extent 
to which the model can reproduce the phenomena under 
in�estigation. It is anticipated that the James River 
model will continue to be used for similar studies in the 
·future.
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Surveys of Tidal Currents 
Current velocities have been measured in the harbor 
by several organizations during the past 57 years. One 
of the first series of measurements is the current pole 
observations of the U.S. Coast and Geodetic Survey 
(National Ocean Survey) in 1917 and 1928 which were re­
ported by Haight (1930). More than 20 stations were oc­
cupied throughout the harbor, and although the measure­
ments are largely liMited to near-surface water and for 
only one or two tidal cycles with time, they are the only 
data available prior to several major engineering changes 
of the harbor geometry. 
A more comprehensive series was accomplished by the 
Coast & Geodetic Survey in 1951 as part of a Navy port 
study, and later in 1962 another series evaluated the 
effects of bridge-tunnel construction near the entrance 
(Figure 2). These data can be used to calculate the net 
non-tidal velocities or density driven currents. A cur-
rent reference station near the entrance to Hampton Roads 
was occupied for 30 days and thus provides data of long 
duration. However, most Coast & Geodetic Survey stations 
are in the central portion of the harbor, along the main 
channel and around the entrance, where navigation is im­
portant; few measurements were made in the shallow sec­
tions of the harbor. 
Stations occupied by the Virginia Institute of Marine 
Science (VIMS) in 1964 are distributed along 5 transects 
10 
(Figure 2). These measurements for hydraulic model veri­
fication were taken mainly for only a single tidal cycle, 
but stations on Hampton Bar and Hampton Flats were run 
for 4 to 8 cycles. They provide current data as well as 
salinity data for certain shoal areas which were not 
monitored by the Coast & Geodetic Survey. These measure­
ments were up-dated by the Institute in 1971 and 1973. 
Stations were located on two transects near the entrance 
and off the Newport News Shipbuilding and Dry Dock 
Company (NNS&DDC) piers. During the flooding due to 
Tropical Storm Agnes in 1972, two more stations were 
occupied off NNS&DC shipyard(Figure 2). The current moni­
toring from anchor stations has been supplemented from 
time to time by drogue observations over 1/2 to 1 tidal 
cycle, e.g. Brehmer (1966) and Fang (1972). 
In summary, current measurements over the years from 
fixed stations provide good coverage of the main channels 
in Hampton Roads. However, the measurements were obtained 
for a limited range of river flows. The freshwater flow 
at Richmond ranged from around 1000 cubic feet per second 
(cfs) (30 cubic meters per second), a relatively low flow, 
3to over 3,000 cfs (90 m /sec)a moderate flow. Obser-
vations at high inflow are limited to four stations of 
the U.S. Coast & Geodetic Survey in 1969 and two stations 
of VIMS during the Agnes flooding in 1972. Therefore, to 
improve our understanding of the circulation of the harbor, 
current measurements are needed over a broader range of 
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inflows and should include the shallow areas around the 
mouth of the Nansemond, the Craney Island Disposal Area, 
and Hampton Flats. 
Current measurements obtained at fixed stations in· 
the James River Hydraulic Model include most of the same 
stations occupied in the prototype. Unlike the harbor 
data, however, the model measurements were made at steady 
state conditions, with mean tide, constant river inflow 
and free of meteorological disturbances. Although the 
model tests were run at different times for different 
parts of the harbor, base tests can be combined and 
evaluated as a unit if they were conducted with the same 
conditions of geometry, tide, and freshwater inflow. 
Additionally, the model tests provide a more complete 
coverage of surface currents by time-lapse photography 
of confetti paths. However, the model data also lack 
coverage in certain shallow portions of the harbor, 
e.g. around the mouth of the Nansemond River.
Prototype data sour�es which were used in this 
report are listed below in chronological order and the 
station locations are shown in Figure 2. Data for the 
James River Hydraulic Model come from the reports of 
numerous studies done on the model. These are listed 
in the bibliography, and the stations are shown in 
Figure 3. 
1) Coast and Gecdetic Survey, 1951 (CGS51)-16 stations
were occupied from 4 to 30 days, generally at 3 depths. 
13 
Roberts radio current meters were used. Normally 
maasurements were taken every ten minutes for a period 
of 100 hours. It is likely that construction projects 
in the study area, especially the Craney Island Disposal 
Area and channel deepening, have altered the current 
characteristics since this study was conducted. 
2) Coast and Geodetic Survey, 1962 (CGS 62)-7 stations
near the mouth of the James were occupied from 4 to 6 
days,. generally at 3 depths. Roberts radio current 
meters were used. 
3) VIMS Operation James River, 1964 (OJR 64)-72 stations
in the James River were monitored, of which 17 were in 
the study area. They were occupied from 1 to 4 days, 
generally at every 2 meters of depth. A variety of in­
struments was used, mainly Hydroproducts current meters 
with Savonius rotor and vane. 
4) VIMS Hydrographical Survey, 1971 (CBM '71)-6 stations
in the study area were monitored for 5 to 19 days at 2 
to 5 depths. Braincon histogram current meters with 
Savonious rotors and automatic photographic recording 
systems were used. 
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CHAPTER 3. FACTORS AFFECTING ESTUARINE CURRENTS 
The two primary factors which control water currents 
in estuaries are the freshwater flow into the estuary and the 
oceanic tides which control water elevations at the mouth of 
the estuary. In addition, winds can produce. currents, especially 
in reaches where a long fetch occurs, either due to a straight 
river course or a broad cross-section. These conditions are 
met for Hampton Roads and the Chesapeake Bay, so that wind 
effects must be considered as well as tides and freshwater 
flow. 
Tides 
Tides are caused by astronomical forces, largely the 
gravitational attraction of the sun and the moon, and are 
modified by the geometry of the water body in which the tides 
occur. Two aspects which are of concern to this discussion 
are the phase of the lunar component of the tide and the 
diurnal inequality. The tide range, the difference in water 
surface elevation at high water and at low water, varies in a 
cyclic fashion over a period of roughly fourteen days. The 
tide range is small at Neap Tide when the moon is at the first 
or third quarter, and is large at Spring Tide when there is 
either a new moon or a full moon. The mean tide for Hampton 
Roads, for example, is 2.5 feet at Old Point Comfort and at 
Sewell's Point, and 2.8 feet at Pig Point. The spring tide 
ranges are 3.0 feet and 3.4 feet respectively for the same 
locations. This variation must be accounted for when currents 
16 
are measured. Therefore, in this report, tides will be 
referenced to the phase of the moon. N-2 will mean a time 
2 days before neap tide and S+3 will mean a time three days 
after spring tide. Since the period of the cycle is around 
fourteen days, mean tides occur at N±3 and S�3. 
The diurnal inequality refers to the variation in 
height of successive high or low tides. That is, the two high 
tides which occur on any given day normally do not achieve the 
same maximum elevation, and similarly for the two low tides 
for an individual day. This effect is related to distance 
from the equator and is most pronounced at spring tide. 
Differences of 0.4 feet are typical for Hampton Roads, and 
occasionally a variation of 0.8 feet occurs for spring high 
tides. 
These variations in tide range produce variations in 
tidal currents and the tidal flow. With increased tide range, 
there is an increase in the tidal.prism or intertidal volume, 
which is the difference in volume for a reach between high 
water and low water. The tidal currents also experience 
changed directions and speeds. Two methods will be used to 
investigate these changes. The horizontal velocity vectors 
can be plotted at regular intervals, say hourly, and with a 
common origin. The resultant collection of vectors is called 
a current ellipse. Most locations experience periods of very 
low velocity as the tide changes from ebb to flood and vice 
versa; one can plot the current speed as a function of time 
for each half of the tidal cycle. These time series or time 
plots show how the magnitude of the velocity varies during 
the tidal cycle and from cycle to cycle. 
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In Figures 4 through 7 current ellipses and speed-time 
plots are given for two stations near Old Point Comfort. The 
mean tide ranges for spring and neap tides at Old Point Comfort 
are about 3 feet and 2 feet respectively. The data presented 
in these figures are for periods of low freshwater discharge 
and low winds. 
Current ellipses for spring and neap tides at stations 
26 (from CGS-1951) and J-la (from CBM-1971) and for several 
sampling depths are shown in Figures 4 and 6. It can be noted 
that in general during spring tides, there is less variation 
in current direction, especially during the ebb portion of 
the tidal cycle. Current speeds are also greater during spring 
tides. Apparently the increased tidal prism not only results 
in a greater flow, but a more directed flow. Current speed­
time plots are presented in Figures 5 and 7 for the same 
stations and depths. From these plots one can see that not 
only are the speeds increased, but the shape of the time plots 
changes too. Neap tide speed-time plots are very irregular, 
with abrupt reversal of current direction and speed, and 
are either flat or pointed at the time of maximum speed. The 
curves for spring tide, on the other hand, are more regular 
and come closer to resembling sine waves. 
In short, significant variations in current speeds and 
directions occur between spring and neap tide conditions. 
These variations must be accounted for when data are collected 
over a long time span. Ideally all data would be collected 
simultaneously. Lacking that possibility, data from different 
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times should not be compared unless the tide ranges (lunar 
phase) were similar. In general, data from periods of mean 
tide were used for comparisons in this report. A summary of 
tidal conditions during the several surveys is included in 
Appendix 1. 
Freshwater Discharge 
Tidal currents in estuaries are affected by the fresh­
water discharge in two fashions: first there is the.direct 
interaction between the freshwater,flows and the tidally 
induced flows, and second there is an indirect interaction, 
since the freshwater flow affects the salinity stratification 
which in turn modifies the tidal currents. Salinity stratifi­
cation will be discussed in greater detail in later sections 
of this report, and only the direct interaction between fresh­
water and tidal currents will be considered at this point. 
The freshwater flow to the entire James River cannot 
be known precisely, since there. is no way to gauge the flow.in 
the· tidal portions of the river. However, there are methods 
to estimate the· total freshwater inflow. For the James proper, 
the most downstream gauging station is at Richmond just above 
the fall line. The long term (37 year} average flow is 7108 
cubic feet per second (cfs}. If it is assumed that the same 
ratio of runoff to drainage area is maintained in the estuarine 
portion of the river as well, then the total freshwater flow 
to the James is around 11,000 cfs. 
The average intertidal volume for the James River has 
been calculated to be 108 x 108 cubic feet {ft3} (Cronin, 1971}.
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If an average velocity is calculated by dividing this volume 
by half a tidal cycle (6.4 hours), the flow is 467,000 cfs. 
If on the other hand, the velocity is assumed to vary sinu­
soidally, the maximum flow rate is 736,000 cfs. The obvious 
conclusion then is that the freshwater flow will normally 
have little direct effect on tidal currents, since the fresh­
water flow is only a few percent of the tidal flow. This will 
not hold true for abnormal conditions such as floods, when 
the freshwater flow is of the same order of magnitude as the 
tidal flow. For example, during Hurricane Agnes in June 1972 
the flow at Richmond reached a maximum of around 300,000 cfs. 
A flow of this order will obviously have a direct effect on 
currents, but since the flood wave flattens as it moves down­
river, the effects will be reduced near the mouth of the estuary. 
Jacobson and Fang (1974) found that there were two 
downstream effects attributable to Hurricane Agnes. The first 
of these was the storm surge effect related to the change in 
barometric pressure. The water surface was elevated less than 
2 feet due to the combined effects of low barometric pressure, 
wind, local rainfall and runoff, but the effect was observed 
throughout the tidal portion of the river. The second effect 
was due to the flood wave itself. At Hopewell, river mile 76, 
there were large differences between predicted and actual tides, 
and the flood wave interacted with the tide wave and hindered 
its progress upstream (Figure 8). At Claremont, river mile 52 
(Figure 9) the same two effects were observed, but they were of 
equal magnitude. At Sewell's Point, river mile 3 (Figure 10}, 
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the storm surge was observed, but the flood wave did not 
produce any appreciable effect on the water surface elevation 
for the Lower James. ·The storm surge associated with, hurri­
canes affects water levels in the lower tidal James more 
than the flood wave due to the rain water released by the 
hurricane. 
At Jamestown Island, river mile 42, they found that 
the currents ebbed continuously for a full tidal cycle on 
June 24 (Figure 11). The flood wave was able to keep the 
tide from flooding. Near the mouth of the James, between the 
James River Bridge and Newport News Point, conditions were 
different. The currents ebbed and flooded nearly as predicted 
in the shallow flats and at lower depths (15 and 26 feet) 
(Figure 12). The influence of the flood wave was found mainly 
in the main channel and only in the freshwater surface layer. 
In this area, the tide did not flood for the first two tidal 
cycles recorded on June 24 and 25. 
Freshwater discharge at Richmond for the periods when 
currents were measured in Hampton Roads has been plotted in 
Figure 13. The discharge was nearly constant during the 1951 
survey and the first half of the 1964 survey. During the 
other periods the freshwater flow did fluctuate, but it was 
only in november 1951 that the discharge exceeded the 7100 
cfs average flow. It is assumed that these fluctuations would 
be greatly reduced as the water passes from Richmond to Hampton 
Roads. The bias towards low flow conditions is obvious. 
Hydrographic surveys are normally conducted during summer months, 
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and water quality surveys especially are geared to measure
conditions during the 'critical period' when freshwater flows
are low and water temperatures are high. 
In summary, for average or low flow conditions, the 
freshwater discharge into the James River has little direct
effect on estuarine circulation. Most of the available data
have been .collected d · · d h th d" h uring per10 s w en e 1sc arge was
less than th e long term average flow. The inferences drawn
from these surveys will apply to all but the most extreme
cases. Even during unusual or rare events, such as the 200-
Year flooding due to Hurricane Agnes in 1972, tidal heights
are hardly changed at all and tidal currents are only modified
Slightly in the saline portion of the estuary. The effects are
g
r
eater, though, in the tidal freshwater portion of the estuary.
'I'he. ff e ects of freshwater flow on salinity stratification will
be d' iscussed in later sections.
The wind, by its very nature is difficult to characterize 
and has an erratic effect on the current structure of a body of
Wate r, especially one that is as geometrically complex as the
study area. · · d The cumulative effect of the wind is a pro uct
not Only of its speed and direction, but also its fetch and
duration. Because of this, and the limited duration of most
of the data gathering activities, it is difficult to subtract
Out Wind effects. Wiegel (1968, p. 317) states that the wind
dr· ift current is zero at depths of 5 feet or more for winds
blowing 2 2 4 hours or less. Therefore, currents at meters
-34 
should show a minimal wind effect for most situations, and
still be in the upper layer of the system. Also, by using
data from this depth a closer correlation of the various
sources is possible, since the Coast and Geodetic Survey did
not take data at the surface.
Of interest are two periods of high winds in October,
1951, while �tation 26 was occupied. Beginning early on 3
October northeasterly winds increased until by afternoon the
wind velocity was 32-46 mph. This speed was maintained but
the wind direction changed to the north by October 4, and on
the morning of the 5th shifted to the northwest. By noon of
the 5th the winds had dissipated to a more normal 8-18 mph
out of the northwest. The second period began on 16 October
with winds of 19-38 mph from north to northeast for 3 days.
Figures 14 through 17 compare current ellipses and velocity
profiles for station 26 near the end of these windy periods
with days of little or variable wind and coincidental lunar
phase.
The current ellipses in Figures 14 & 16 show only 
slight changes for the period of high winds, with current 
speed and directional variability increased slightly. The 
current speed-time plots in Figures 15 & 17 also show only 
minor differences. The duration of maximum ebb current has 
increased for the period of high winds, probably because the 
northwest winds increased the flow down the main stem of the 
James. But the changing wind direction apparently limited 
the effects the winds had on the system. During the second 
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high wind period, the winds were more consistent, blew out 
of the northeast, and this resulted in increased·maximum 
velocities. In general, however, it is difficult to quantify 
the changes which took place or to provide any simple method 
for calculating the effects. Rather, winds appear to have 
only a modest effect on instantaneous tidal currents, and
that occurs when the channel axis and wind direction are 
parallel. Secondary currents such as are encountered in lakes,
do not seem to be a major factor in estuaries, probably because
of the oscillatory tidal currents. Winds do cause waves which
induce mixing and thus modify the salinity regime, but the
currents set up by the winds are so small that they can be
neglected for measurements made at 6 feet depth or greater,
as calculated by Wiegel. 
Summary
Of the three variables discussed, tidal height is the 
only one which has a pronounced and predictable effect on 
tidat currents. For a given location in Hampton Roads, 
current speeds will increase and the variability of current 
directions will decrease slightly with an increase in tide 
range during the neap to spring tide cycle. These changes 
must be considered when data from different time periods are 
compared. For normal conditions, freshwater flow into the 
estuary has no direct effect on tidal currents. For the 
downstream portion of the James, only the most rare events 
are exceptions to the rule that tidally induced currents 
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dominate over the flow due to freshwater discharge. Winds 
cause waves, increase mixing and cause some currents. 
However, at 6 feet depth or more, the effects are minimal, 
and for the most part, winds can be neglected in the dis­
cussion of instantaneous currents in Hampton Roads. 
With these considerations in mind, the following 
method was used to choose data. Data for periods of average 
or mean tides, moderate to low freshwater discharge and normal 
winds were chosen. Since few stations were occupied for a long 
period of time, there were insufficient data to allow for 
the calculation of average velocities which would span both 
spring and neap tide conditions. Thus data for average 
conditions rather than data averaged over all conditions 
will be used to illustrate the circulation in Hampton Roads. 
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Chapter 4 Tidal Circulation in Hampton Roads 
Synoptic presentations of conditions throughout 
Hampton Roads are one of the best means for illustrat­
ing the overall circulation pattern in the area. The 
times of low water slack (or slack before flood) and 
high water slack (or slack before epb) and the current 
velocities for maximum flood and ebb will be used 
to describe the circulation. Of course, maximum 
currents do not occur simultaneously for all points 
within Hampton Roads. The first and seventh hours 
after slack before flood at the Chesapeake Bay Mouth 
were chosen as the most representative times. Typically, 
velocities do not vary greatly for a period of 
roughly an hour before and after maximum current, so 
that near maximum current conditions should exist 
throughout the study area at these times. All data 
shown in the figures are for measurements made at a 
·depth of 6 to 8 feet, with the exception of four
OJR-64 stations. In this instance, measurements were
made at the surface which probably means one or two
feet below the surface.
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Slack Water 
The movement of slack water around Newport News 
Point has been described by Welch (in Fang et al, 1972) 
as a "Nearly amphidromic system with Newport News 
Point corresponding to an amphidromic point". For 
both high and low water slacks, the turning of the tide 
begins along the shore of Hampton Flats. The pro­
gression is out from and parallel to the shore, and 
slack water in the channel occurs about two hours 
later than at the shore. Upriver of Newport News 
Point, the reverse situation occurs, since slack 
water occurs about an hour earlier in the main channel 
than at the NNS&DDC piers. Conditions over Newport 
News Bar, immediately southwest of Newport News 
Point appear to be extremely complicated. The flow 
over the Bar appears to have a predominantly ebbing 
nature, so that slack before flood occurs later and 
·slack before ebb occurs earlier than in the secondary
channel to the north and the main channel to the south
of the Bar. Recent studies in this same area inci­
cate that during flood tide the water flowing from
Hampton Flats submerges as it changes direction off
Newport News Point. Further studies are required
before the currents in this area can be described
with great accuracy.
South of the navigation channel, the amphidromic 
rotation of slack water does not hold true. High 
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water slack, Figure 18, occurs at Sewell's Point at 
the same time as at the Hampton shore. Low water 
slack, however (Figure 19) begins near Hoffler Creek, 
up the Elizabeth River and in Hilloughby Bay. For 
both conditions, slack water moves out toward the 
main channel. Slack water occurs at roughly the same 
time in the channel from Old Point Comfort to Newport 
News Point. 
It is interesting to note that each of the three 
rivers forming Hampton Roads shows a different pat­
tern for the movement of slack water. Upstream of 
the James River Bridge, the progression of the slack 
water wave is regular and upriver. In the Nansemond, 
however, slack water moves downstream. Slack water 
occurs about an hour earlier at Dumpling Island, 
river mile 9, than at Pig point at the mouth (Tidal 
Current Tables).This is an unusual occurrence and there 
are no explanations for it at present. Slack water 
in the Elizabeth occurs almost simultaneously from 
the mouth to its head. Only a five minute time dif­
ference is projected for the Gilmerton Highway Bridge, 
river mile 13, and Craney Island at the mouth. Thus 
it appears that the Elizabeth River reflects the tidal 
wave almost completely which results.in a standing 
wave. 
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Maximum Currents 
During flood tide, water is funneled into Hampton 
Roads by the boundaries of Chesapeake Bay with near­
ly equal velocity across the Old Point Comfort to 
Willoughby Spit transect. The flow between Fort Wool 
and Willoughby Spit is appreciable, and it contri­
butes a significant portion of the total flow. 
Within Hampton Roads, the flow branches in three 
general directions. A small portion of the flow 
passes over Hampton Bar and onto Hampton Flats. 
This flow is deflected by the shoreline and funnels 
through the secondary channel between Newport News 
Point and Bar. The greatest portion of the flow 
passes through the main channel and a third portion 
flows into the Elizabeth River. A partitioning of 
the flow was made using current measurements along 
a transect from the Hampton Shore to Sewell's Point. 
The data used for these calculations are given in 
Table 2 in the Appendix. At maximum flood, 9% of 
the flow passes onto Hampton Flats, 54% follows the 
main channel and 37% goes into the Elizabeth River 
channel. A comparison of intratidal volumes for the 
Elizabeth and that portion of the James above the 
Elizabeth (Cronin, 1971) indicates that only around 
16% of the flow should pass into the Elizabeth River. 
Since there are marked differ enc es in the times of · 
maximum current and slack water throughout the study 
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area, the partitioning of the flow undoubtedly varies 
through the flood tide and this could explain part 
of the discrepancy. In addition some of the water 
which is flowing towards the Elizabeth River near 
Sewell's Point actually will flow to the west just 
north of Craney Island. Assuming that this is true, 
then roughly equal portions of the flow would occur 
through the shallows by Craney Island and into the 
Elizabeth River. 
A further partitioning of the flow occurs near 
Newport News Point. There most of the flow turns 
sharply around the Point and flows up the main chan­
nel of the James. A smaller portion flows into the 
Nansemond River. Current measurements were made along 
a north-south transect from Newport News Point to 
near Streeter Creek in both 1951 and 1964. A com­
parison of these flows for maximum flood indicates 
·that the portion flowing through the navigation
channel (north of the Middle Ground} has remained
constant at slightly under 50% of the total flow.
The flow through the natural channel (south of Middle
Ground) increased from around 24% in 1951 to 36%
in 1964. Concurrently, the flow in the shallows 
decreased from 27% in 1951 to 18% in 1964. The Craney 
Island Disposal Area evidently has shifted the flow 
somewhat to the north, as one would expect. 
A comparison of intratidal volumes for the 
Nansemond River and the James above the Nansemond 
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indicates that 14 % of the flow should be into the 
Nansemond. For this case the two methods are in
closer agreement. 
These calculations illustrate the fact that 
if all other conditions remain constant, water flows 
more swiftly in deep channels than in shallow ones. 
The increased velocities and the greater depth re­
sult in large flows. Thus in most instances the 
deep channels will carry a very large portion of the 
total flow. The flow patterns will conform to depth 
contours of the river bottom, since the boundaries 
will tend to direct the flow and unusually low or 
high velocities will cause deposition or erosion of 
the bottom. 
At maximum ebb, one can note rather large var­
iations in current speed. In general these varia­
tions are related to changes in the cross-sectional 
area. At the mouth and at river mile 9 (just down­
river of the James River Bridge) the cross-sectional 
areas are around 2.2 x 10 4 square meters. Between
these two transects, the area is 3.5 x 10 4 square
meters or more (Cronin, 1971). Consequently, Cur­
rent speeds are greatest at the boundaries of 
Hampton Roads. Along the Newport News Point to 
Streeter Creek transect, there is a shift in flows to 
the south relative to the flood flows. A large 
portion of the total flow goes through the southern 
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half of the channel during ebb. Apparently, the ebb­
ing tide does not turn so sharply around Newport 
News Point as the flooding tide. Therefore orie 
could say that the natural channel south of the 
Middle Ground has a predominance of flood currents. 
(See r able 3 in the Appendix for the exact percent­
ages.) 
The flow across the Hampton to Sewell's Point 
transect also shows a shift towards the south. The 
:rortion of the flow across Hampton Flats is constant, 
but the remainder shifts so that roughly half the 
total flow is through the Elizabeth River channel. 
The dominance of ebb currents in the natural channel 
and dominance of flood currents in the navigation 
channel is seen along this transect too. Hampton Bar 
forms a much larger barrier to flow than does Newport 
News Bar. Nevertheless, at maximum ebb there is a 
·strong flow of water over the bar, as shown in the
current ellipse for OJR-64 station 3 in Figure 22.
Neither is there a pronounced secondary channel near
Old Point Comfort. Thus it appears that there is a
general flow off Hampton Flats and over Hampton Bar
into the main channel during mid and late ebb tide.
A final point to note is that that the currents 
between Old Point Comfort and Fort Wool are signifi­
cantly stronger than the currents between Fort Wool 
and Willoughby Spit. The ebb tide follows the natural 
channel and does not flow over Willoughby Bank. 
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Figure 22. Current velocities for station 3(0JR). 
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Slack Water in the Hydraulic Model 
The James River hydraulic model is a Froude 
model, which means that scaling factors have been 
chosen so that gravitationally induced water flows 
are reproduced with accuracy. Tides are produced 
by the gravitational attraction of the sun, moon and 
other planets, and therefore replication of tides 
should be quite good. In general, tides in the model 
do duplicate those in the real world in most aspects 
and at most locations. It must be remembered that the 
hydraulic model does not reproduce all aspects of 
the prototype tides. In the real world, the tides 
vary due to atmospheric conditions (winds, barometric 
pressure changes), the diurnal inequality, the varia­
tion from spring to neap tide and other factors. 
In the model a single mean tide is reproduced again 
and again. This simplification of the real world 
-conditions results in model behavior which cannot
reproduce all aspects of the prototype.
The- progresslon of the .slack water waves through 
Hampton Roads in the model is shown in Figures 23 
and 24. Comparison with the movement shown in 
Figures 18 and 19 for the real world shows that the 
essential nature of the slack water movement is re­
produced. 'rhe movement of slack water from the Hampton 
shore to the channel is recognizable, as well as the 
movement of slack water from the channel to the NNS&DDCo. 
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piers upriver of Newport News Point. The location and 
time of the first turning of the tide near the 
Elizabeth River agrees in general, but with slight 
discrepancies. The origin of slack water shifts from 
near Sewell's Point for slack before flood to a 
position further down the Elizabeth River. This 
shift is less pronounced in the model than in the 
real world. Data from the area around the mouth of 
the Nansemond River are few in number for both the 
model and the prototype, so that no basis for com­
parison exists. 
Once the model has reached "equilibrium conditions", 
the tidal variation of parameters should be repro-
duced again and again. In fact, the model cannot be 
operated with complete consistency, so that some 
variations from one tidal cycle to another do occur. 
However, the reproducibility of the tide stage curve 
at the tide gages in the model· is very good. In 
fact, tidal height is reproduced better than any . .  
other parameter. (Fang et al. 1972) Thus from theo­
retical considerations and from actual measurements, 
one concludes that the James River hydraulic model 
.reproduces the tidal heights and slack water movement 
that are found in Hampton Roads. The duplication is 
not exact, but the basic nature of the tidal movements 
are included. 
57 
Currents in the Hydraulic Model 
Current measurements in the Hydraulic Model and 
in the prototype will be compared to illustrate the 
accuracy of the circulation patterns reproduced in 
the model. One must take account of several sources 
of error, other than modeling techniques. First, 
there are errors in sampling. Current meters some­
times become fouled or out of adjustment and give in-
accurate n�adings. The sensitivitv of the meters 
also limits the reliability of measurements near 
slack water, since velocities are near or below the 
threshold of sensitivity. The meters used in the 
hydraulic model give speeds with a large sampling 
error when velocities are low (less than l foot per 
second). A large variety of current meters have been 
used in the prototype. 
Second, the prototype experiences fluctuations in 
river flow, tide ranges and atmospheric conditions. 
The model on the other hand is operated with constant 
river flow, constant and mean tides and is free from 
winds, barometric pressure gradients �tc . .  Theore­
tically speaking, tidal currents should be duplicated 
over and over in the model, while there will be 
appreciable cycle to cycle variations in the real 
world. Consequently, reproduction cannot be comolete 
and some difference must occur. 
Current measurements will be compared for stations 
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located along the transects previously mentioned 
which go from Hampton shore to Sewell's Point, and 
from Newport News Point to Streeter Creek as shown 
in Figures 25 to 29 . Speeds and phase are duplicated 
quite well for the two stations on the Newport News 
Point transect. Neither is duplicated well for two 
stations on Hampton Flats along the second tran­
sect. The water depth at both of these stations is 
13 feet or less. In general, it is difficult to 
measure currents in shallow areas in the model since 
the size of the current meter is large relative to 
model water depth. The cups on the current meter are 
about one half inch in diameter and the total height 
of the current meter is one and one half inches. 
These dimensions correspond to four feet and 12 feet 
respectively in the prototype. Thus it is not sur­
prising that the reproduction is somewhat lacking. 
More precisely, it is not clear whether the differ­
ences in the currents measure� are due to poor re­
production of prototype currents or less than ideal 
means for measuring currents in the model.· 
One feature which can be noted for nearly every 
station, though, it is that current directions vary 
more in the prototype. Again sampli�g techniques in 
the model are less than ideal. Indeed, except for 
the I664 study in 1972, only ebb or flood was noted. 
For the 1664 study, directions were noted with 
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an estimated error of+ 1s0• It is clear that the 
model tends to produce uniaxial flows, while measure­
ments in the field indicate both fluctuations and a 
rotation of the currents. 
It should also be remembered that the data have 
been taken from a series of studies, and model and 
prototype sampling points will not coincide pre­
cisely. For example, the addition of 30° to the model 
station SB current vectors would result in ellipses 
in closer agreement with the prototype. Since cur­
rents do change direction rapidly around Newport 
News Point, and since the two stations were approx­
imately 200 yards apart, such a correction is not 
unreasonable. 
The flows across these two transects have been 
calculated in the same manner as those in the prototype. 
The calculations are presented in Tables 2 and 3 
·in the Appendix. For the downriver transect, the 
partitioning of flow is reproduced in esse�ce. 
Although the model has about twice as much flow across 
Hampton Flats, as a percentage of total flow, only 
a small amount passes through the shallow side 
channel. Roughly 60% passes through the main channel 
on flood for both the model and prototype. On ebb, 
the flow in the model occurs more in the channel (47% 
in the prototype versus 55% in the model) and the 
flow in the prototype occurs more on the Norfolk 
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end (49% in the prototype versus 38% in the model). 
Along the upriver transect, approximately 45% 
of the flow is through the navigation channel, 25 
to 30% is in the deep water adjacent to the channel, 
and 25 to 30% is across the shallow area near Pig 
Point. The model reproduces this distribution quite 
well insofar as stations from the two surveys can 
be paired. Thus one must conclude that the James 
River hydraulic model does reproduce the circulation 
in Hampton Roads and that currents at specific loca­
tions are reproduced as well. The accuracy of the 
current replication remains to be determined pre­
cisely since current meters for the hydraulic model 
are not sufficiently small, sensitive and accurate 
at present. 
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Synthesis and Conclusions 
From the foregoing sections on tidal flows and slack 
water movement, from study of the surface current measure­
ments (confetti/time lapse photography) in the hydraulic 
model, and from the dye study described in Volume 5 of 
this report, it is possible to formulate a description 
of the general circulation in Hampton Roads. Due to the 
complex geometry of the area, flood and ebb tides are 
quite different. During flood tide, water enters Hampton 
Roads from Chesapeake Bay and flows onto Hampton Flats 
and up the main channel. The flow turns sharply to the 
northwest at Newport News Point and follows the channel 
up the main stem of the James. Sizeable portions of the 
flow branch off and flow up the Elizabeth and Nansemond 
Rivers. Flood tide predominates in the dredged navigation 
channel north of the Middle Ground. During ebb tide the 
flow down the James does not turn sharply past Newport 
News Point, and ebb tide is predominant in the natural 
channel south of Middle Ground. The combined flows from 
the James and the Nansemond Rivers are toward Sewell's 
Point, so that the ebbing flow from the Elizabeth tends to 
hug the shoreline. Ebb flow out of Hampton Roads occurs 
mostly through the channel with only a small portion 
passing between Fort Wool and Willoughby Spit. 
The exchange of water between Hampton Roads and 
Chesapeake Bay occurs predominantly through the main 
channel. During flood tide an appreciable portion of the 
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flow passes between Fort Wool and Willoughby Spit. During 
ebb tide, both Sewell's Spit and Willoughby Bank tend to 
direct the flow along the channel. During flood tide the 
water over Hampton Flats converges near Newport News 
Point and funnels through the secondary channel. Flood 
currents predominate over ebb currents in that region. 
Along the main channel, a larger portion of the 
flood tide passes along the dredged navigation channel 
than through the natural channel south of Middle Ground. 
For ebb tide the reverse holds true. About a third of 
the flow during flood enters the dredged channel leading 
to the Elizabeth River. However, much of this flow is 
deflected to the west and only about half actually enters 
the Elizabeth River. The interchange of water between the 
Elizabeth and Hampton Roads is controlled to a great extent 
by the shifts in tidal phase. During ebb tide the water 
leaving the Elizabeth is forced to hug the shoreline 
-south of Sewell's Point, since the combined flows of the
James and the Hansemond also tend toward the same shore­
line. For the part of Hampton Roads south of the channel,
slack water occurs first in the Elizabeth River. Near
the.end of ebb tide in Hampton Roads, the main flow down
the James is toward the Navy piers. The flow divides;
part enters the Elizabeth and part goes toward Old Point
Comfort. Thus for the initial stages of flood tide,
 the
water entering the Elizabeth River i
s from Hampton Roads
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and water which has only recently ebbed from the Elizabeth. 
During flood tide, in the hydraulic model an eddy 
forms in the lee of Sewell's Point. The field dye studies 
found a concentrated zone of dye in this same area at 
high water slack. Since an eddy would tend to reduce the 
dispersion and diffusion of dye, this high concentration 
could well be the result of such an eddy. 
Currents west of Craney Island are affected by the 
Nansemond River channel and by Craney Island. While the 
portion of the flood tide that goes up the James tends 
to turn sharply at Newport News Point, the part entering 
the Nansemond River can flow almost directly to that 
river mouth. In the hydraulic model, an eddy forms in 
the shadow of Craney Island and grows during flood tide, 
so that it reaches the main channel by high water slack. 
A similar but smaller eddy forms to the north of Craney 
Island during ebb tide. It is not known to what extent 
· these eddies are found in Hampton Roads since data are few
for this region. But the distribution of dye during the
field studies indicates that such an eddy could well
exist during flood tide.
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CHAPTER 5. SALINITY STRATIFICATION 
Abcording to Pritchard (1955) the James River Estuary 
is a partially stratified estuary. This means that there 
are significant surface to bottom differences in salinity 
but that the stratification is not always strong. One 
method to investigate the interaction between freshwater 
discharge and salinity stratification, is to postulate a 
two-layered system and to examine the net transport. Across 
any given transect, the net flow must be equal to the 
freshwater discharge, QF. It is known that there is a 
net down-river transport in the surface layer and a net 
up-river transport in the lower, saltier layer. If this 
net flow is designated as Qs, then the flow in the bottom 
layer is (Q5) upriver and the flow in the upper layer is
(QF + QS) 
downriver, resulting in a net flow across the
transect of QF. If the salt concentration is designated 
SU and SL for the upper and lower layers respectively, and
if it is assumed that the total amount of salt above the 
transect remains constant, then the salt balance equation 
One can see that the net non-tidal flow is affected by 
changes in the freshwater flow by two mechanisms: there is 
the direct relationship between Q
8 
and QF, but in addition, 
variations in freshwater flow will change the surface layer 
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t0 bottom layer salt difference. During periods of high 
freshwater flow, QF will be large, but (SL - Su) also
will be large. During periods of low freshwater flow, 
QF will be small, but so will (SL - Su). Thus the two
effects will tend to balance each other, and the net flow 
of water into the estuary will remain somewhat constant 
during the year. 
In Figures 30 and 31 the longitudinal salinity profiles 
and the surface salinity distributions for high water slack 
and for three periods with different river flows are pre­
sented. One can see that an increase in freshwater dis­
charge compresses the saline zone. The isohalines (or 
lines of constant salt concentration) in the longitudinal 
profiles also become more horizontal since increased fresh­
water flow increases the surface to bottom salinity 
difference. The seasonal salinity profiles show similar 
patterns since freshwater discharge varies seasonally 
(Figure 32) . 
In Figure 33 the salinity profile £or an extended period 
with abnormally low freshwater flows is shown. The salt 
intrusion zone moved far upriver, and vertical stratifi­
cation was greatly reduced. For the Hampton Roads reach, 
however, the variation was not great relative to the July 
to October average salinity profile. 
In Figure 34 the salinity profile after Tropical 
storm Agnes is shown. This 200-year flood has compressed 
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the 3alt intrusion zone greatly, and vertical stratification 
is great as well. For this case, even the Hampton Roads 
reach was affected by the flood. 
In summary, increased freshwater flows will increase 
the vertical stratification and reduce the salt intrusion 
zone. The non-tidal flows tend to remain constant since 
the freshwater discharge and the salinity stratification 
tend to balance each other. 
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�HAPTER 6. DESCRIPTION OF NON-TIDAL FLOWS by Maynard Nichols 
For a system that is usually stratified, one must 
consider the long-term or non-tidal circulation of water as 
well as the short-term tidal flows. In general, the water 
near the surface tends to flow further downstream during ebb 
than it is moved back upstream on flood. Therefore, there is 
a net flow towards the sea when a parcel of water is followed 
for several tidal cycles. Similarly, the water near the 
bottom tends to flow upstream. Since this non-tidal flow 
will affect the residence time of a pollutant, or the time it 
will take for the river to flush the material out into the 
Bay, consideration of non-tidal flows is a necessity. 
Analysis Methods 
Net non-tidal velocities were derived by conventional 
procedures from data of fixed anchor stations. The instantaneous 
speed values were plotted with time as shown in Figure 35a 
Then, areas under the flood and ebb. curves were planimetered, 
ebbs and floods summed, subtracted and divided by the total 
time in hours according to the relation: 
(F1 + Fz + F3) (E1 + Ez + E3) = u ( d 1 --=----==----=-,,�=T-_..;___________ net non-ti a velocity) 
Having derived the net non-tidal velocity for each metering
point at several depths, the values were graphed with depth at
o:-:ie station to define the vertical distributions of net velocity
such as shown in,Figure 35b. The cross-over point from ebb to flood
defines the depth of the level of no-net motion or boundary 
between the upper and lower layers. Along this boundary the net 
a 
r--· -·----- --
i/i 
//1 
ii 
I' 
I 
VELOCITY 78 
(F. +Fz +R )- (E,+EdEs > = NET VELOCITY 
TIME, HOURS 
NE.T VELOCITY, cm/sec.
FLOOD +4 +2
LEVEL OF 
NO-NET' 
MOTION � 
0 
6 
18 
DEPTH, m.
-2
.• 
-4 EBB
Figure 35a. Time-velocity curves for portion of a measurement
series run at station 26, 1962, showing graphical 
technique for analysis of net non-tidal velocity. 
Figure 35b. Vertical distribution of net non-tidal current 
velocity in relation to the level of no-net motion
for a typical station in Hampton Roads. 
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"'elosi ty i.s zrro i i.e. net upstream and downstream currents
are of the sa:ne magnitude. When the vertical distributions
of net velocity are compiled for all stations throughout the
harbor at one level of river inflow, a comprehensive pattern 
of the harbor-Wide non-tidal circulation is gained. 
Circulation pattern 
In general, the circulation in Hampton Roads follows 
a typical estuarine pattern. As shown in the schematic 
synthesis of Figure 36, water enters the harbor from Chesapeake 
Bay in the 1pwer layer and along the right (north) side. 
Farther lana�ard the inflowing water spreads across Hampton 
Flats and co�verges with inward ,flowing channel water. Because 
the inflowin� water is more salty and thus more dense than JamES 
River water, it partly dips under the outflowing freshened 
,;�ater. For another part, it mixes with the outflowing water 
and flows se�ward with James River water along the south side. 
The two-way estuarine flow in .the harbor also exists in 
the Elizabeth River, a tributary to the central harbor, and it 
probably extends into the Nansemond most of the· time. However, 
because the Nansemond is shoaled across its mouth to the 13 foot 
depth, the continuity of inflow may be interrupted by the 
shoal, particularly at times of low stratification (e.g., in 
summer anc'l fall). Fragmentation of flow is also evident in near-
surface water off Sewells Point and Willoughby Spit (Figure 36). 
This is pro)ably part of a net non-tidal gyral seaward of the 
point. A similar but less pronounced gyral is postulated for 
the east side of Pig Point. 
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Figure 36. Schematic diagram of Hampton Roads harbor viewed landward.· 
Arrows represent direction of net non-tidal current and 
sloping surface is the level of no-net motion. Based on 
analysis of more than 25 anchor stations throughout the 
harbor. 
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The dynamic structure of harbor water changes with 
diDtance inward and with time as stratification and river inflow 
change. As shown in Figure 36, the level of no-:-.net motion is 
steeply inclined in the entrance, whereas farther upstream it 
becomes more horizontal. The slope,. which is caused by the 
Coriolis Force due to the Earth's rotation, changes with a 
change in the magnitude of mixing. In the entrance tidal 
currents are relatively strong, greater than 1 m per sec. at 
times, so that mixing is greater than farther upstream in 
the James River where currents are more moderate. 
Superimposed on the harbor-wide changes of dynamic 
structure there are changes in structure in one reach with time. 
As illustrated in Figure 37, the level of no-net motion is 
gently inclined to the right at moderate inflow (and moderate 
stratification}, whereas it is more steeply inclined at 
relatively low inflow (and weak stratification). Such a change 
exhibits the greate·r effectiveness of tidal forces at low
inflow in mixing the waters and reducing the vertical salinity 
gradient. This idea is supported by corresponding changes in 
the mean salinity distributions (Figure 38 under the same 
inflows and in the same reach as the structure sections of 
Concomitant with the shift in salinity differences 
(surface to bottom) from a homogeneous (0.7 ppt difference) 
to a strongly stratified water body (5 ppt difference), there 
is a significant shift in the slope of the level of no-net 
motion (Figure 38). Not only does the slope change but the 
! 
depth of the level changes in such a way that is permits greater 
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Figure 37. Variations in the level of no-net motion or dynamic
structure with seasonal changes in river inflow. 
Transect from sewells Point to Hampton Flats (right); 
view landward. 
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,utfimr through the left or upper layer. This example illus­
trates how changes in physical factors, e.g. river inflow and 
winds, modify the salinity regime, which in turn alters the 
non-tidal circulation. 
Effect of Wind 
Wind stress on surface waters for several days 
duration at speeds greater than 6 m per sec. greatly modified 
the average estuarine circulation. Data analysed from one 
station, number 26, just inside the entrance (Figure 35), 
indicate that during strong. easterly winds there is a signifi­
cant inward flow in the surface and at mid-depth (Figure 39} • 
Such a "reversal" must permit a large excess flow into the 
harbor, temporarily raise salinity and reduce the normal surface 
seaward flow. By contrast, strong westerly winds greatly 
increase seaward flow and lower the level of no-net motion. 
Such an "enhancement" must introduce an excess of freshened 
river water into the harbor and lower salinity. While it 
lasts, the seaward flow· must transport large quantities of 
sediment and effluents out of the harbor and into Chesapeake 
.• 
Bay. 
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Figure 39. Effects of wind on the vertical distribution of net 
non-·tidal velocity at station 26 in Hampton Roads, 
1962. 
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App1ication of Circulatory Data
Having defined the harbor-wide circulation and some of the 
changes in dynamic structure that vary with river inflow, it 
is now possible to predict the path of dispersal for sediment 
or pollutants. For example, if material were discharged on or 
near the floor off Old Point Comfort, it would be transported 
upstream toward Newport News over many tidal cycles. Thus, 
oyster larvae produced on Hampton Bar are carried upstream into 
the James by the upstream flowing current of the lower estuarine 
layer. On the other hand, effluents discharged into near-surface 
water off Pig Point north of the'Nansemond River mouth at 
normal conditions of inflow and wind,may be expected to be 
dispersed seaward toward Sewells Point and beyond. The rates 
of dispersion depend on the mixing rates. Under conditions of 
easterly wind, some effluent may temporarily "back up" into 
Nansemond whereas during strong westerly winds and high river 
inflow seaward dispersal would be accelerated. 
]r', 
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APPENDIX 
,._ 
t 
Table 1 
Statistics for Current Data 
Data Source Dates Station Depths Lunar and Occupied Depth Monitored Phase Station (£=feet; m = meters) 
CGS-1951 
25 8-13 Oct. 60 f 8,32,58 f N-(S-2)
26 1-30 Oct. 60 f 6,21,36 f S1-S3
27 1-7. Oct. 40 f 8,24,34 f S-(N-1) 
28 1-9 Oct. 17 f 8,11 f S-(N+l) 
29 17-21 Sept. 40 f 6,16,26 f (S+2)(N-2) 
30 25-28 Sept. 50 f 8,21,42 f (N+2)-(S-3) 
31 24-28 Sept. 30 f 6,16,26 f (N+l)(S-3) 
33 15-19 Sept. 50 f 8,23,40 f S-(N-3) 
34 30 Oct-3 Nov. 23 f 8,12,18 £ S-(N-3) 
35 15-19 Oct. 14 f 8,11 f S-(N-3) 
36 22-26 Oct. 45 f 8,23,40 f N-(S-4) 
37 II 20 f 8,15 £ II 
38 II 10 f 6 f II 
39 30 Oct-3 Nov. 20 f 8,12 f S-(N-3) 
CGS-1962 
J-4 13-18 Aug. 20 f 6,12 f (S-2)-(S+3) 
J-5 II 40 f 6,18,30 f 11 
J-6 13-17 Aug. 30 f II (S-2)-(S+2) 
J-7 18-22 Aug. 60 f 10,30,50 f (S+3)-N 
J-8 18-24 Aug. 40 f 7,21,35 f (S+3)-(N+2) 
J-9 19-23 Aug. 25 f 6,12 f (N-3)-(N+l) 
J-10 18-23 Aug. 60 f 9,27 f (S+3)-(N+l) 
Table 1 (continued) 
Data Source Dates Station Depths Lunar 
and Occupied Depth Monitored Phase 
Station (f = feet; m = meters) 
OJR-1964 
1 11 Sept. 10 ID Ev. 2 m N-2
2 II 17-18 ID Ev. 4 m 
II 
3 II 1-2 ID Top & Bottom 
II 
4 II 3 0,2,3 m 
II m
5 10 Sept. 2 m Top & Bottom N-3
6 II 4-5 m Ev. 2 m 
II 
7 II 4 m II 
II 
8 ll 8 m II 
II 
9 ti 18 m II 
II 
44 29 Jun-3 July 6 m Ev. 1 m (N-3)-(N+l) 
45 II 3-4 m II 
II 
46 29 Jun-1 July 3 m II (N-3)-(N-1) 
47 6-10 July 6-7 m
II (S-3)-(S+l) 
48 ti 2 m
II II 
49 6-8 July 5-6 m
II (S-3)-(S-l) 
CBM-71 
J-lA 7-26 July 15 f 3,13 f (S1-l)-(S2+4) 
J-lB 16-22 July 55 f 2,12,22,42 f (N+l)-S 
J-lC 7-26 July 80 f Ev. 10 f (S1-l)-(S2+4) 
J-2A 21-26 July 8 f 7 f (S-1)-(S+4) 
J-2B II 50 f 2,12 f 
II 
J-2C II 50 f Ev. 10 f 
II 
=======-- -------- ---
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Table 2
Distribution of Flow Across Hampton to Sewell's Point rransect 
F L O O D
Station Cross % Total Velocity Flow % Total 
Sectional Area (Vert.Avg.) (cfs) Flow 
Area 
(ft2) 
(fps) 
OJR 64 
46 31430 5.6 -0.750 23572 3.2 
45 58800 10.6 -o. 772 45393 6.2 
44 -1. 612
Av.44+31 70050 12.6 -1. 539 107771 14.7 
CGS 51 
31 -1. 465
30 169500 30.4 -1. 696 287472 39.2 
29 227410 40.8 -1.183 269026 36.7 
Total 557190 100. 733234 100. 
I-66l• Model
Study
2A 31430 5.6 -1. 850 58146 8.1 
2B 58800 10.5 -1.650 97020 13.5 
2C 125100 22.3 -1. 850 231435 32.2 
2D 78900 14.0 -1. 376 108566 15.1 
2E 75600 13.4 -1. 031 77944 10.8 
2F 192300 34.2 -0.761 146340 20.3 
Total 562130 100. 719451 100.0 
% Flow 
% Area 
o. 571
0.585 
1.167 
1.289 
0.900 
1.446 
1.286 
1.444 
1.079 
.806 
.594 
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Table 2 (continued) 
E B B 
Station Cross % Total Velocity Flow % Total % Flow 
Sectional Area (Vert.Avg.) (cfs) Flow % Area 
Area (fps) 
(ft2 ) 
OJR 64 
46 31430 5.6 0.979 30770 3.9 o. 696
'• 5 58800 10.6 0.709 41689 5.2 0.491 
44 1.517 
Av. 4l•+3 l 70050 12.6 1.419 99400 12.5 0.992 
CGS 51 
31 1.321 
30 l h<J 'j()Q '.30. l• 1. 387 235096 29.5 0.970 
29 227410 40.8 1. 716 390235 49.0 1.201 
Total 557190 100. 797190 100.1 
I-66L• 1'1o<le 1
Study
2A 31430 5.6 1.382 l.3436 6.8 1.214 
2B '18800 10. 5 1.093 64268 10.1 o. 962
2C 125100 22. '3 1.329 166257 26.2 1.175 
2D 78900 14.0 1. 512 119296 18.8 1.343 
2E 75600 13.4 1.103 83387 13.1 0.978 
2F 192300 34. 2 0.822 158071 2, •• 9 o. 728
Total 562130 100. 634715 99.9 
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Table 2 (continued) 
Lateral Cross-Section, Hampton to Sewell's Point transect 
"" 
w 
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Table 3 
Distribution of Flow Across Newport News Point to Streeter Creek Transect 
F L O O D 
Station Cross % Total Velocity Flow % Total % Flow 
Sectional Area (Vert.Avg.) (cfs) Flow % Area 
Area {fps) 
(ft2) 
CGS 51 {Prototype-1951) 
33 175680 41 -1.67 293910 49 1.17 
34 143535 34 -1.01 144830 24 0.70 
35 107715 25 -1.53 165120 27 1. 08
Total 426930 100 603860 100 
OJR 64 (Prototype-1964) 
9 175680 41 -1.52 266160 46 1.12 
8 103975 24 -1. 69 175610 30 1.24 
7 39560 9 -0. 88 34770 6 0.65 
6 71265 17 -1.07 75970 13 0.78 
5 36450 9 -0.76 27850 5 0.57 
T9tal 426930 100 580360 100 
I-664 (Hodel) 
5B 144180 37 -1. 75 251880 41 1.13 
SC 127608 32 -1. 47 187710 31 0.95 
SD 123642 31 -1.37 169270 28 0.89 
Total 395430 100 608860 100 
.
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Table 3 (continued) 
EBB 
Station Cross % Total Velocity Flow % Total % Flow 
Sectional Area (Vert .Avg.) (cfs) Flow % Area 
Area (fps) 
(ft2)
CGS 51 
33 175680 41 1.24 218420 39 0.95 
34 143535 34 1. 43 205110 37 1.09 
35 107715 25 1, 26 135505 24 1.96 
Total 426930 100 559035 100 
OJR 64 
9 175680 41 1.07 187270 42 1.02
8 103975 24 1.11 114930 26 1.05 
7 39560 9 1. 20 47620 11 1.14 
6 71265 17 1.03 73160 16 0.98 
5 36450 9 o. 70 25350 6 0.67 
Total 426930 100 448340 101 
I-664 
SB 144180 . 37 1.59 228960 45 1. 23
SC 127608 32 1.10 139730 27 o.84 
SD 12361.2 31 1.17 144660 28 0.90 
Total 395430 100 513350 100 
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Table 3 (continued) 
Cross-section, Newport News Point to Streeter Creek transect 
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Table 4 
Hampton Roads Current Data Studies 
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and Chemical Study of the Tidal James River. VIMS 
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CBI, 1953, CBI Data Rpt. 13, (Ref. 53-4), 39pp. 
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Table 5 
James River Hydraulic Model Studies 
Boland, Jr.,R.A., and Bobb, W.M., 1969, Effects of Proposed 
Elizabeth River Dike on Tides, Currents, Salinities and 
Shoaling, U.S. Army Engineers Waterways Experiment 
Station (USAEWES), Hydrauiics Lab M.P.,H-69-13, Spp., 
4 tables, 13 photos, 17 plates. 
Boland, Jr.,R.A., 1972, Effects of Proposed Dock Expansion 
at Newport News on Tides, Currents and Shoaling, 
USAEWES Hyd. Lab M.P. H-72-10, 9pp., 3 tables, 13 
photos, 9 plates. 
Boland, Jr.,R.A., 1972, Effects of Proposed Extension of 
Craney Islnad Disposal Area on Tides, Currents and Salini­
ties, USAEWES Hyd. Lab M.P. H-72-10, 8pp., 30 plates, 
13 photos, 7 tables. 
Fang, c.s. , et al, 1972, Physical and Geological Studies of 
the Proposed Bridge Tunnel Crossing of Hampton Roads 
Near Craney Island, VIMS SRAMSOE 24, 43pp. 
Simmons, H.B., 1966, Effects of a Proposed 35-foot channel 
to Richmond on Currents and Salinities Over the Seed 
Oyster Beds in James River, USAEWES Hyd. Lab. 
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SUM:[111..ARY 
The Hampton Roads system which includes the estuary 
of the Nansemond River, receives large quantities of both 
industrial and domestic wastes. From late April to late 
September, 1974, slack water runs were made to determine 
the water quality conditions for the Hampton Roads­
Nansemond River system. Samples were taken at the eleven 
stations as close to slack water as possible because 
conditions tend to be more stable than during flood or ebb. 
In addition, slack water represents the bounds between 
which the system fluctuates. 
The physical parameters measured during each run 
were temperature, salinity, dissolved oxygen (DO) and 
biochemical oxygen demand (BOD). The following conclusions 
were reached: 
temperature - normal variations during the period 
of the survey. 
salinity - By June 25, 1974 the system was generally 
homogeneous with vertical stratification 
nearly eliminated except near the mouth of 
Hampton Roads. However, due to the fact 
that the summer of 1974 was relatively wet, 
low water slacks in August showed increased 
vertical stratification, upstream migration 
of isohalines and increased salinities near 
the mouth. 
BOD - Due most likely to reduced bacterial activity 
resulting from low water temperature, 
high BOD concentration values w�re found 
in the Nansemond during April. The maximum 
values throughout the remainder of April 
and May decreased. High values in August 
were attributed to heavy rains. 
DO - It was found that the water quality standard 
of a daily average DO of greater than 
5 mg/£ was met throughout most of the region 
for most of the summer. 
Surface and bottom samples were collected at 11 
stations in the Hampton Roads - lower Nansemond River 
areas during 10 sampling slack water runs from late 
April through August and analyzed for nutrients, nitrogen 
and phosphorus and for chlorophyll content. 
The following conclusions were reached: 
chlorophyll - chlorophyll levels recorded in the 
study area were generally quite low, with 
algal populations generally higher in the 
lower Lbr.semond than in Hampton Roads. 
phosphorous - The entire area has sufficient phos­
phorous to exceed the desirable level of 
chlorophyll using the EPA-established 
levels. Some factor, other than phosphorous 
is most likely limiting algal growth in the 
area. 
3 
nitrogen - The concentration of available nitrogen 
appears from the data to be limiting 
the algal populations in the study area. 
In assessing water quality in the Nansemond River, 
levels of both fecal and total coliform bacteria were 
determined. However, because of their close correlation 
with the presence of warm-bloodied animal fecal contam­
ination and the fact that they are more likely to be 
transients in the estuaries, it is felt that fecal coliform 
bacteria are more useful as sewage contamination indicators. 
The highest densities of total and fecal coliforms were 
observed at stations 10 and 11 in the Nansemond River at low slack 
tide. During the same tidal conditions, moderate levels of 
coliform organisms were observed off Newport News Point in the 
vicinity of Small Boat Harbor whereas all other river stations 
showed low levels of fecal coliforms. However, under high 
tide slack conditions, fecal pollution was more concentrated in 
the surface water samples near Old Point Comfort than at any 
other site monitored. Total and fecal coliforms decreased in 
the Nansemond River, off Newport News Point and at other 
remaining stations during high tide slack. There appeared to 
be no noticeable effect of seasonal change during the sampling 
period on coliform densities. Examination of shellfish from 
Nansemond Ridge revealed that oysters concentrated both total 
and fecal coliforms. 
CHAPTER 2. INTRODUCTION 
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The Nansemond River is a tributary of the James River 
and joins it approximately eight miles above Old ·Point Comfort 
(Figure 1). Together with the James and the Elizabeth, the 
Nansemond River forms Hampton Roads. The Nansemond itself is 
a very short river, only about 17 miles long and with an average 
depth of 2.33 meters (Cronin, 1971). A navigation channel 12 
feet deep and 100 feet wide is maintained from the mouth of the 
river to Suffolk. The fresh water inflow to the river is almost 
entirely regulated by drinking water supply reservoirs. The 
total drainage area for the river is 265 square miles, of which 
11 are water area and 212 drain into the river 10 or more miles 
above the mouth (Seitz, 1971). Of this latter portion, approx­
imately 66 square miles are in the Norfolk water system (Burnt 
Mills, Lake Prince and Western Branch reservoirs) and 65 square 
miles are in the Portsmouth water system (Lake Cohoon, Lake 
Kilby, Lake Meade and Speights Run reservoirs) (Va. DOCED, 1969). 
In other words, more than half of the total drainage area is 
within the water systems. 
Because of the highly regulated flow and the transfer of 
water to other drainage basins, the fresh water inflow occurs 
only during prolonged wet periods. Consequently, the salinity 
regime in the river is highly variable. Normally, the entire 
river is brackish with salinity values of 5 parts per thousand 
or greater occurring at Suffolk. During periods when there is 
overflow from the reservoirs, the 5 ppt isohaline moves five 
or more miles downstream (Brehmer, et.al., 1967). Water quality 
James 
River 
Nansemond 
River 
Newport 
News 
5 
Chesapeake Bay 
Hampton Roads 
Figure 1. Hampton Roads and the Nansemond River. 
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either high water slack or low water slack, was followed as it 
progressed through the estuary. Samples were taken as close 
to slack water as possible. This sampling system has several 
advantages. First, with a water velocity equal to or close to 
zero, the changes which occur over a short period of time are 
small. In general, currents are slight for about half an hour 
before and after the time of slack water. This means that the 
data are more reliable than those collected during the flood 
and ebb portions of the tidal cycle, when conditions are changing 
rapidly and current speeds are great. Secondly, the conditions 
which exist at slack water often are the bounds between which 
the system fluctuates. For example, the salinity is normally 
highest at high water slack and lowest at low water slack. Con­
versely, when there is an upstream source of organic wastes, 
the BOD concentrations will be highest at low water slack (when 
dilution is small) and lowest at high water slack (when dilution 
is greatest). 
'I'he monitoring began in late April and continued until 
late September 1974. Both a high and a low water slack run 
were made each month, except during August and September when 
the frequency was increased, since these are the months during 
which critical conditions usually occur. A series of eleven 
stations were sampled, from Hollidays Point in the Nansemond 
River to the Hampton Roads Bridge-'I'unnel at the mouth of the 
James. Exact locations and sampling depths are given in 
Table 1. The dates of sampling and the parameters measured 
are listed in Table 2. On several occasions oysters were taken 
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Table 1 
Station Number Location Buoy Water 
-Number Depth 
NEll Hollidays Point 22 3m 
NElO Newman's Point 12 4m 
NE9 Town Pt. Bridge Bridge 6.Sm
NE8 SW of Pig Point 4 6m 
NE7 N of Pig Point 2 6.Sm
NEG Near Foxtrot H9 7m 
NES II II H7 7m 
NE4 Newport News Point 13 15m 
NE3 Newport News Channel 7 15m 
EN2 Junction 3 (Eliz) 15m 
ENl Bridge Tunnel l(Eliz) 16.Sm
Sample Depths 
Salinity and temperature - every 2 meters 
Dissolved Oxygen (DO) - surface, mid-depth & bottom
Biochemical Oxygen Demand (BOD) - surface & bottom 
Nutrients - surface and bottom 
Bacteria - surface and bottom 
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Table 2. Sampling Dates 
Oyster 
Date Sample Tide Phys. Nutrients Bacteria 
April 26 High X X 
May 14 Low X X X 
May 30 Low X X X 
June 4 High X X X 
June 17 X 
June 25 Low X X X 
July 1 X 
July 2 High X X X 
July 25 Low X X X 
July 29 X 
August 8 High X X 
August 13 Low X X X 
August 19 High X X X 
August 26 X 
August 29 Low X 
Sept. 10 Low X X 
Sept. 16 X 
Sept. 17 High X X 
Oct. 28 X X 
Nov. 27 X X 
Physical parameters: temperature, salinity, dissolved oxygen, 
BOD 
Nutrients: N02, N03, NH4, DKN, TKN, O-Po4, DP, TP, CHl."A". 
Bacteria: MPN determination for total and fecal coliform 
counts. 
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from the Nansemond Ridge shellfish grounds and analyzed for 
coliforms. The dates of these sample collections are also 
given in Table 2. 
The Hampton Roads system receives large quantities of 
industrial and domestic wastes. The used water for the 
Norfolk metropolitan region are discharged primarily into the 
Elizabeth River. Domestic wastes for the Peninsula are dis­
charge into the James at the mouth of the Warwick River and 
just off Newport News Point. Both domestic wastes and highly 
concentrated wastes from food processing plants are introduced 
into the Nansemond via the Suffolk Sewage Treatment Plant (STP). 
In addition to these major sources of organic wastes and 
pathogenic organisms, there are numerous small inputs from 
small industries and residential developments. Certified and 
actual flows for these plants are given in Table 3 for the 
month of January 1974. 
Many of the municipal STP's are presently overloaded. 
Therefore, large volumes of waste waters are bypassed during 
periods of heavy rains. Projects are underway both to increase 
the capacity of the STP's and to separate storm waters from 
sewage, but for the present by-passes occur frequently. The 
two points of discharge which are most likely to affect the 
study area are "Government Ditch" near the James River Bridge, 
which receives water from the Center Avenue force main, and the 
Small Boat Harbor STP at Newport News Point. Volumes of by­
passes for these two points are given in Figure 2. When by­
passes occurred on each of several successive days, an average 
value is shown. 
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Table 3. Municipal and Industrial Waste 
Discharges for January 1974. 
Flow in Million Gallons/Day 
James River 
HRSD - James River (Warwick) 
HRSD - Boat Harbor 
Nansemond River 
Suffolk 
Louise Obici Hospital 
Tidewater Community College 
Virginia Packing 
Elizabeth River 
HRSD - Army Base 
HRSD - Lamberts Point 
BRSD - Western Branch 
Pinners Point 
Certified 
5.0 
12.0 
2.0 
0.105 
0.14 
11. 0
20.0 
2.0 
15.0 
Actual 
11.27 
22.8 
1.1 
0.076 
0.041 
15.0 
26.2 
2.1 
12.9 
12 
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CHAPTER 3. PHYSICAL CHARACTERISTICS OF THE RECEIVING WATERS 
The physical parameters which were measured were 
temperature, salinity, dissolved oxygen (DO), and biochemical 
oxygen demand (BOD). The data for each run are presented in 
graphical form in Appendix 1. 
Temperature 
Nothing unusual or unexpected was discovered in the 
variations in water temperature during the period of the survey. 
Water temperatures increased from around 14°c in April to 2s0c
in late August and then decreased back to 20°c in late September.
In general the total variation in the system was several degrees 
Centigrade, although on some days the total variation was less 
than one degree Centigrade over the entire reach. The land­
derived waters in the Nansemond are usually warmer than the Bay­
derived waters near the mouth of Hampton Roads (Figure 3). 
And surface waters are warmer due to solar heating (Figure 4). 
Salinity 
Normally there is a progression during the summer from 
a period of high salinity stratification to more homogeneous 
conditions. This is due to reduced fresh water flows and the 
mixing which results from the tidal oscillation. This trend 
can be seen from the May 14 and May 30 runs, both of which 
were made at low water slack (Figures 5 and 6). The salinity 
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at the upstream end in the Nansemond River increased from 11 
to 13 parts per thousand, while the salinity at the downstream 
end decreased from 25 to 22 parts per thousand. The salinity 
difference from top to bottom in Hampton Roads also decreased 
from nearly 10 ppt to only 2 to 4 ppt. By June 25, the system 
had become even more homogeneous and vertical stratification 
was almost entirely eliminated except near the mouth of Hampton 
Roads (Figure 7). However, the summer of 1974 was a relatively 
wet one, and heavy rains occurred throughout most of August. 
The data for the low water slacks on both August 13 and 29 
show increased vertical stratification, upstream migration of 
the isohalines especially in Hampton Roads, and increase in 
salinities near the mouth, as larger volumes of Bay water 
entered the estuary (Figures 8 and 9). 
The system is a dynamic one, with significant variations 
occurring over a short period of time. In general, the system 
reacts more quickly to increases in freshwater flow than to 
reductions in flow. Thus stratification will increase 
immediately after a period of heavy rains, whereas several weeks 
are needed to produce homogeneous conditions. 
Biochemical Oxygen Dem_�n� (BOD) 
Ultimate BOD concentrations are usually below 3 mg/1 
and only infrequently greater than 5 mg/1. High values were 
found in the Nansemond in April. This is probably due to the 
low water temperature, around 15°c, which would reduce the 
rate of bacterial activity. Thus wastes added at Suffolk 
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would travel further downstream before being consumed. The 
maximum values decreased from 10.5 rrg/1 on April 26, to 5 mg/1 
on May 5 and 2 mg/1 on May 30. 
High values in the Nansemond on the 8th and 29th of 
August (maximums of 7 and 8.5 mg/1) are attributable to the 
heavy rains. Rains wash in organic matter from streets, flush 
accumulated sediments in sewers and can cause suspension of 
organic sludges in the river. All of these things result in 
increased levels of BOD. 
Surprisingly, the values for station 4 are not much 
higher than those for the rest of Hampton Roads, despite the 
proximity of the Boat Harbor STP outfall. Evidently, the 
effluent from this outfall is diluted by the large volume of 
water passing Newport News Point, and dispersed by the high 
current speeds and tidal mixing. 
Dissolved O�Y._9en (DO) 
DO levels for this region appear to be controlled 
primarily by water temperature. Since the saturation concen­
tration of DO in water decreases with increasing temperature and 
bacterial activity increases with increasing temperature, DO 
concentrations tend to be lower in the summer than in the winter. 
'l'he maximum values encountered were greater than 12 mg/1 of DO 
on April 26. Summer DO levels were around 6 to 7 mg/1. During 
21 
this study, values of less than 5 mg/1 were encountered only 
seldom. Therefore it would seem that the water quality 
standard of a daily average DO of greater than 5 mg/1 was met 
throughout most of the region and for most of the summer. 
One can observe a very slight trend for DO levels to increase 
down river in the Nansemond to around station 7 where the 
waters of Hampton Roads are encountered (Figure 10). 
Turbidity 
Secchi disc readings for several runs are listed in the 
Appendix. The depths ranged from 0.3 to 1.3 meters. In general, 
the Secchi disc depths were greater in Hampton Roads than in 
the Nansemond River. 
(fJ 
H 
Q) 
.µ 10 
Q) 
20 
22 
Dissolved Oxygen (rng/i) 
August 13, 1974 
Low Water Slack 
6 
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CHAPTER 4. CHEMICAL CHARACTERISTICS 
The nutrient regimes of the Hampton Roads and lower 
Nansemond River areas were characterized by ten sampling runs 
conducted at high and low slack water from late April through 
August 1974. At eleven stations samples were collected from the 
surface and bottom and analyzed for the nutrients, nitrogen and 
phosphorus,and for chlorophyll content. 
In Tables 1-10 in Appendix 2 the levels of nutrients 
measured during each run are tabulated. 
Chlorophyll - The level of chlorophyll is used to estimate 
the standing crop of algae in a body of water. In areas under­
going eutrophication the concentration of chlorophyll "a11
frequently exceeds 40 ug/1, and the Environmental Protection 
Agency in its evaluation of both the upper Potomac and upper 
Chesapeake Bay has set 40 ug/1 as the desirable limit of 
chlorophyll. They have for these areas estimated that to main­
tain this level the total phosphorus content must not exceed 
1.2 ug at/1 and that the inorganic nitrogen content must not 
exceed 57 ug at/1. 
The chlorophyll levels recorded in the study area were 
generally quite low. Figures 11-15 show the average concentrations 
of chlorophyll at high and low slack water for the study period. 
Algal populations were generally higher in the lower Nansemond 
than in Hampton Roads. 
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Phosphorus - The average total phosphorus concentrations observed 
at low and high slack waters during the study are shown in 
Figure 16, while Figures 17- 21 <:1epict the orthophosphate levels 
in the study area. Levels increase from Old Point Comfort as 
one proceeds up the Nansemond. Using the levels established 
by EPA for total phosphorus of 1.2 ug at/1, it can be seen 
that the entire area already has sufficient phosphorus to exceed 
the desirable level of chlorophyll. Therefore one must conclude 
that some other factor is limiting algal growth in the area. 
Nitrogen - Figures 22-26 show the average concentrations of total 
inorganic nitrogen (NH3, N02 & N03) in the study area, while 
Figure 27 shows the averages over the study period at high and 
low slack. Unlike phosphorus the concentration of nitrogen 
does not increase as one travels up the Nansemond. Higher levels 
seem to be related either to inputs from the Elizabeth, possibly 
from the Boat Harbor plant at Newport News, and the upper Nanse­
mond. However, at none of the stations were concentrations of 
inorganic nitrogen high enough to support much more than 20 ug/1 
of chlorophyll, a value which was exceeded only at one station 
on one sampling date. Nitrogen levels generally increased from 
the spring sampling periods as summer progressed. 
Conclusions 
Algal populations in the study area are not limited by 
phosphorus. The present levels of phosphorus are sufficient 
25 
to support populations two to six times as high as recorded 
during the study. The concentration of available nitrogen 
appears from the data to be limiting the algal populations in 
the study area. Hence, the system would appear sensitive to 
additions of this element. However, to exceed the desirable 
limits set by EPA for lower salinity areas, the ambient river 
levels would need to be doubled. We would predict some increase 
in the algal populations, depending upon the magnitudes of the 
nitrogen increase. 
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CHAP'I'ER 5. BACTERIOLOGICAL QUALITY OF 'I'HE NANSEMOND 
RIVER AND HAMPTON ROADS WITH RESPECT TO 
TOTAL AND FECAL COLIFORM CO�JTS 
Method of Sample Collection and Bacteriological Analysis 
High and low water slack were sampled on four and six occasions 
respectively for the enumeration of total and fecal coliforms from 
surface and bottom samples. Frautschy bottles were employed to 
obtain bottom samples. In addition, oysters and a corresponding 
surface water sample were obtained from the Nansemond Ridge area 
on five separate dates and likewise examined for total and fecal 
coliforms. All oyster and water samples were collected and pro­
cessed according to the procedures described by the American 
Public Hea 1th Association i.e., Recommended Procedures for the 
Examination of Sea Water and Shellfish, 4th edition, 1970. The 
multiple-tube fermentation procedure was employed using five 
tube decimal dilutions as far as necessary, depending on the degree 
of pollution. Results referred to as indeterminant (ID) signifies 
that the coliform levels were below the sensitivity of the Most 
Probably Number (MPN) technique used, i.e., less than 1.8 total 
or fecal co liforms per 100 ml water and less than 18 total or 
fecal coliforms per 100 g oyster meat and associated liquor. 
The estimations for coEfirmed total and fecal coliform content 
were ccnnputed using Table 11 as presented in the above APHA manual. 
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Results 
Although water samples were processed to determine the levels 
of both fecal and coliform bacteria, it is felt that more emphasis 
should be placed on fecal coliform data in assessing water quality 
in the Nansemond River. Fecal coliform bacteria are more useful as 
indicators of sewage contamination than total coliforms for the 
following reasons: 
1. Fecal coliforms have been shown to have a closer correlation
with the presence of warm-blooded animal fecal contamination
than the total coliform group which occurs more widespread
in nature.
2. Certain members of the total coliform group surviving
sewage chlorination exhibit the phenomenon of TT after growth TT 
in estuaries. Feca 1 coliforms are more likely to be
transients in the estuaries.
Geometric means for all low water slacks, surface and 
bottom, are shown in Figures 29 and 30, and the geometric 
means for high water slack data, surface and bottom, are 
presented in Figures 31 and 32. Table I of Appendix 3 
includes the geometric means and the 90% probability ranges. 
The data for individual stations and each run are presented 
in Tables II and III. Results of the oyster samples are in 
Table IV. 
46 
The highest ccmcentrations of fecal coliforrns under the condition 
of low slack tide were observed at Stations NE 10 and 11. There was 
also some indication that fecal pollution was more concentrated in the 
surface sampl.es ) especially at Station NE 11. Recovery of lar0ge
numbers of fecal and total coliforms from these stations is not 
surprising in view of the fact that they receive the effluent of a 
sewage disposal plant located at Suffolk. The sewage treatment plant 
receives doses containing high levels of organic material which hinders 
effective chlorination. 
Moderate fecal pollution was observed at Stations NE 4 ) 5 and 
6 during low tide slack. The highest fecal coliform counts from 
these stations were obtained from bottom samples ) particularly at 
Station 4 which most likely was influenced by effluent from the 
sewage disposal pipe of Small Boat Harbor. Bottom samples from 
Station 3 which is located downstream from Station 4 also revealed 
the presence of moderate fecal pollution. 
Sampling along all other river stations during low slack tide 
revealed low levels of fecal coliforms (geometric means rJf � 10/100
ml). 
Data collected from Stations E!J 1 and 2 during low tide slack 
showed Low levels of both total and fecal co liforrns. However ) under 
high tide slack conditions ) the fecal pollution was more concentrated 
at these two locations than at any other river station. Both bacteri­
ological measurements revealed that the pollution was concentrated 
in the surface waters. 
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Although moderate fecal pollution was observed at Station NE 11
during high tide slack, the fecal coliform counts were significantly
lower than those obtained under low tide slack conditions. Bottom 
samples of similar magnitude were collected at Station NE 6. 
In general, the geometric means of fecal coliform counts from 
all other stations were slightly lower during high tide slack than 
those obtained under low tide slack conditions. There appeared to 
be no noticeable effect of seasonal change during the sampling period 
of May to September on the total and fecal coliform counts. 
The examination of thirty-two lots of pooled Nansemoncl Ridge 
oysters revealed that the oysters concentrated both total and fecal 
coliforms present in the surrounding water. The geometric means of
the total and fecal counts of oysters were 580 and 88 per 100 g re­
spectively whereas the corresponding total and fecal values of the 
water were 21 and <4,3 per 100 ml respectively. 
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Summary of Bacteriological Data 
The highest densities of total and fecal coliforms were 
observed at stations 10 and 11 in the Nansemond River at low slack 
tide, During the same tidal conditions, moderate levels of coliform 
organisms were observed off Newport News Point in the vicinity of 
Sarnll Boat Harbor whereas all other river stations showed low levels 
of fecal coliforms. However, under high tide slack conditions, fecal 
pollution was more concentrated in the surface water samples near Old 
Point Comfort than at any other site monitored. Total and fecal coli­
forms decreased in the Nansernond River, off Newport News Point and at 
other remaining stations during high tide slack. There appeared to be 
no noticeable effect of seasonal change during the sampling period on 
coliform densities. Examination of shellfish from Nansemond Ridge 
revealed that oysters concentrated both total and fecal coliforms. 
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APPENDIX 1 
PHYSICAL DATA FOR THE SLACK WATER RUNS: 
April 26 to September 17, 1974 
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APPENDIX 2 
NUTRIENT DATA 
,r--Table 1 
...... ...... ...... ...... ...... -...... ........ -...... -...... -...... ...... z z P-l � P-l -...... 
Pig Point 
.µ .µ .-I .µ .µ .µ � tiS tiS ...... ........ tiS tiS tiS 
April 26, s .......... 
� bO bO 0.. bO bO bO bO bO 1974 � � 0.. s � � � � 
Sample N02 N03 NH4 DKN TKN O-P04 DP TP Chl "A" -
EN 1S 0.27 5.15 0.03 0.21 0.41 0.63 0.90 1.24 11.39 
EN lB 0.14 1.12 0.20 0.34 0.54 0.73 0.97 2.28 12.66 
EN 2S 0.29 4.89 0.04 0.27 0.41 0.80 1.10 1.66 9.37 
EN 2B 0.20 1. 74 0.32 0.49 0.54 0.93 1.19 3.18 12.91 
NE 3S 0.25 2. 78 0.03 0.27 0.41 0.63 0.86 1.31 9.96 
NE 3B 0.26 2.81 0.04 0.31 0.57 0.76 1. 05 1.92 8.52 
NE 4S 0.30 4.05 0.03 0.32 0.43 0.63 1.05 1.32 8.69 
NE 4B 0.28 3.86 0.03 0.28 0.53 0.67 0.99 1.48 8.27 
NE 5S 0.30 6.84 0.02 0.30 0.46 0.65 0.94 1. 36 6.71 I-' 
NE SB 0.29 5.43 0.03 0.25 0.49 0.67 1. 02 2.32 9.62 0 co 
NE 6S 0.24 5.66 0.02 0.34 0.45 0.73 1.06 1. 52 4.52 
NE 7S 0.27 9.51 0.02 0.28 0.46 0.69 1.08 1. 76 6.67 
NE 7B 0.31 6.41 0.04 0.30 0.54 0.91 1.20 4.76 17.05 
NE 8S 0.26 6.34 0.02 0.23 0.79 0.91 1.36 4.84 15.70 
NE 8B 0.28 8.08 0.08 0.30 1. 07 0.63 1.12 7.60 17.05 
NE 9S 0.23 2.10 0.04 0.24 0. 78 0.82 1.31 2.96 10.89 
NE 9B 0.24 3.55 0.05 0.31 1.31 1.04 1.58 10.20 20.26 
NE 10S 0.12 1.57 0.03 0.32 0.78 1.06 1.68 4.16 15.02 
NE lOB 0.16 2.73 0.03 0.39 1. 08 1. 23 1.68 8.88 21.61 
pa. 
.-I .-I - -...z z
,I.J ,I.J 
Pig Point co cu s 
May 14, _' 74 gi bO 0.. :;:j 0.. 
Sample N02 N03 NH4
EN 1S 0.10 1. 38 0.01 
EN lB 0.09 0.87 0.02 
EN 2S 0.28 5.34 0.05 
EN 2B 0.10 0.50 0.01 
NE 3S 0.21 4. 52 (.005 
NE 3B 0.15 1.41 0.04 
NE 4S 0.27 7.91 0.06 
NE 4B 0.15 1. 89 0.04 
NESS 0.28 9.93 0.04 
NE SB 0.29 4. 94 0.08 
NE SXS 0.28 9.02 0.04 
NE SXB 0.25 4.15 0.06 
NE 6S 0.30 3.85 0.04 
NE 6B 0.28 4.05 0.04 
NE 7S 0.29 3.92 0.02 
NE 7B 0.30 4.37 0.03 
NE 8S 0.30 3.02 0.01 
NE 8B 0.26 3.73 0.02 
NE 9S 0.27 3.25 0.03 
NE 9B 0.27 2.84 0.02 
NE 10S 0.37 5.83 0.04 
NE lOB 0.40 6.21 0.05 
Table 2 
.-I .-I - -... 
bO � s 
DKN TKN 
0.39 0.40 
0.44 0.46 
0.48 0.50 
0.33 0.57 
0.42 0.45 
0.36 0.43 
0.36 0.45 
0.27 0.35 
0.34 0.38 
0.45 0.44 
0.33 0.36 
0.26 0.29 
0.31 0.34 
0.29 0.36 
0.34 0.38 
0.25 0.53 
0.27 0.36 
0.27 0.38 
0.31 0.62 
0.34 0.41 
0.46 0.59 
0.40 0.71 
.-I .-I - -
P-1 P-1 
,I.J ,I.J co co 
bO bO 
:;:j :;:j 
O-P04 DP 
0.54 0.93 
0.82 1.64 
0.84 1. 23
0.63 0.93
0.47 0.95
o. 74 1. 80
0.84 1.45
0.65 1.04
o. 71 1.10
0.82 1.12
0.74 1.15
0. it - 1.19
0.67 1.17 
0. 71 1.10 
0.61 1.10 
0.63 1.19 
0.67 1.12 
0.61 1. 06
0.82 1.19
0.86 1.15
o. 71 1. 26
0. 74 1.34
.-I - .-I 
P-1 -
,I.J < m 
bO bO 
:;:j :;:j 
TP Chl "A" 
1.21 11.23 
1.80 18.06 
1.54 4.85 
1.66 14.85 
1.41 7.34 
2.08 15.36 
1. 58 4.30 
1.47 11.78 
1.45 2.57 I-' 
1. 75 3.54 
0 
\0 
1. 58 2.74 
1.47 4.64 
1. 56 4.18 
1. 53 4.01 
1. 99 7.98 
4.19 10.76 
2.19 6.75 
2.47 8.02 
2.98 10.63 
2.85 10.63 
3.07 12.53 
5.39 14.69 
�. 
Table 3 .I 
,-! ,-! .-I ,-! - "'- - - - ,-! z z p.. p.. p.. -
,I.J ,I.J .-I ,I.J ,I.J ,I.J <: Pig Point cu ct! .-! "'- c,j c,j ct! 
May 30, s - bl) bl) bl) 0.. bl) s bl) bl) bl) bl) ::;j ::;j 0.. s ::;j ::;j ;, ;, I 1974 I. 
Sample N02 N03 NH4 DKN TKN O-P04 DP TP Chl "A" ii 
EN 2S 0.41 0.30 0.08 0.34 0.34 1. 21 1. 30 2.02 6.54 
EN 2B 0.22 1.49 0.04 0.03 0.36 0. 72 0.76 1.88 7.17 
NE 3S 0.37 3.61 0.06 0.36 0.35 0.95 1. 09 1.59 4.56 
NE 3B 0.34 2.18 0.06 0.24 0.39 0.88 0.89 1. 90 5.61 
NE 4S 0.36 0.22 0.12 0.35 0.34 1.44 1. 73 1.98 3.88 
NE 4B 0.35 2.65 0.06 0.34 0.35 0.95 0.99 2.19 6.54 
NE 5S 0.43 0.56 0.06 0.37 0.39 1.02 1.13 1.44 3.08 
NE SB 0.40 0.13 o. 07 0.34 0.47 1.02 - 1. 86 4.30 
NE 6S 0.40 0.66 0.06 0.33 0.58 1.09 1.16 1. 61 3.38 I-' 
NE 6B 0.41 0.23 0.03 0.31 0. 74 0.87 1. 08 1. 90 4.43 
I-' 
0 
NE 7S 0.44 0.41 0.07 Q.35 0.43 1.09 1.21 1.78 __ 6.75 
NE 7B 0.41 0.26 0.05 0.28 0.74 0.87 0.97 6.23 - -11.48
NE 8S 0.37 0.22 0.02 0.34 0.55 1. 08 1. 26 1.71 9.79
NE SB 0.39 0.28 0.03 0.33 0.50 1. 06 1. 32 2.55 8.95 
NE 9S 0.43 0.37 0.09 0.42 0.54 1. 06 1.32 2.37 6.79 
NE 9B · 0. 39 0.19 0.04 0.27 0.59 1. 06 1.24 2.91 8.95 
NE 10S 0.40 0.23 0.04 0.35 0.57 1. 06 1. 32 2.42 6.79 
NE 10B 0.39 0.16 0.05 0.32 0.67 1.17 1.42 4.66 10.89 
NE 11S 0.37 0.16 0.06 0.62 0.72 1.17 1. 51 3.09 7.39 
NE llB 0.41 0.17 0.06 0.34 0.88 1.40 1.69 5.84 12.32 
� -
Table 4 
.-I .-I .-I .-I ...._ ...._ ...._ ...._ .-I z z ll-4 ll-4 ll-4 ...._ 
Pig Point 
.u .u 
.-I .u .u .u � ti! ti! .-I ...._ Cd Cd Cd 
June 3, s ...._ bO bO b.O c.. b.O s b.O b.O b.O 1974 ::l ::l c.. s ::l ::l ::l ::l 
Sample NOz N03 NH4 DKN TKN . O-P04 DP TP Chl "A" 
EN 1S 0.40 0.12 0.08 0.26 0.31 0.96 1. 27 1. 82 4.43 
EN lB 0.04 - 0.07 0.43 0.45 0.74 1. 28 2.07 3.59 
EN 2S 0.48 0.16 0.09 0.41 0.58 1.10 1. 38 1. 94 3.08 
EN 2B 0.28 2.11 0.07 0.40 0.46 0.68 0.98 2.39 5.28 
NE 3S 0.35 3.56 0.07 0.38 0.62 0.89 1. 24 1. 74 2.53 
NE 3B 0.35 3.15 0.08 0.28 0.31 0.87 1. 08 2.08 3.42 
NE 4S 0.43 0.28 0.08 0.25 0.34 1. 08 1.51 1. 77 2.79 
NE 4B 0.36 0.17 0.08 0.34 0.35 0.93 1. 34 1.82 1. 86
NE 5S 0.43 0.42 0.06 0.30 0.32 1.00 1. 31 1. 93 2.28 ,_, 
NE SB 0.41 0.17 0.09 0.29 0.31 1. 00 1.29 1. 82 2.19 ,_, 
NE 6S 0.44 0.38 0.06 0.25 0.25 1. 06 1. 36 2.27 2.49
NE 6B 0.47 0.21 0.09 0.25 0.28 0.98 1. 35 1.94 2.57
NE 7S 0.42 0.27 0.05 0.30 0.48 0.87 1.11 1. 86 2.79
NE 7B 0.46 0.51 0.06 0.31 0.44 . 0.96 1.49 2.61 3.84
NE 8S 0.43 0.42 0.02 0.27 0.48 0.93 1.37 2.04 4.85
NE 8B 0.43 0.29 0.04 0.33 0.53 0.93 1. 38 2.33 5.49
NE 9S 0.41 0.39 0.02 0.24 0.41 0.87 1. 31 2.07 4.14
NE 9B 0.42 0.40 0.04 0.27 0.48 0.93 1. 33 3.05 6.25
NE 10S 0.42 0.22 0.04 0.29 0.60 1.06 1.49 3.17 7.39
NE 10B 0.43 0.19 0.04 0.30 0.59 1. 02 1.18 3.23 7.17
NE 11S 0.45 0.20 0.05 0.46 0.74 1. 30 1. 61 3.11 6.37
NE llB 0.46 0.19 0.07 0.37 1. 39 1.44 1. 71 10.78 15.53 
Tab.Le 5 
.-I .-I .-I .-I .-I ...._ .......... ...._ ...._ .......... .-I z z P-1 P-1 P-1 .......... 
,I.J ,I.J 
.-I ,I.J ,I.J ,I.J � Pig Point Ctl Ctl .-I Ctl Ctl Ctl s .......... .......... June 25, b!) b!) 0... 
� � 
b!) b!) bJ) b!) 
1974 ::i ::i 0... ::i ::i ::I ::i 
Sample N02 N03 NH4 DKN TKN O-P04 DP TP Chl "A" 
EN lS 0.30 1.59 0.11 0.31 0.49 0.96 0.95 1.47 1. 65
EN lB 0.23 1. 00 0.11 0.29 0.51 1.10 0.82 1.64 2.87
EN 2S 0.43 2.37 0.12 0.35 0.48 1. 00 1.13 1.57 3.17
EN 2B 0.22 1.00 0.10 0.29 a.so 1.32 0.84 1.58 2.03
NE 3S 0.32 1. 27 0.10 0.34 0.46 1.12 0.98 1.27 2.36
NE 3B 0.30 1. 36 0.11 0.25 0.63 1.13 0.96 2.60 4.01
NE 4S 0.38 1.64 0.12 0.35 0.49 1.34 1. 32 1.46 1. 94
NE 4B 0.34 1.80 0.12 0.40 0.64 1. 32 1.44 1.52 1.43
NESS 0.40 2.34 0.12 0.37 0.54 1. 29 1.57 1.42 2.57 I-' 
NE SB 0.42 2.47 0.12 0.47 0.76 1. 32 1.67 4.84 2.70 I-' N NE 6S 0.43 2.91 0.12 0.54 0.56 1.25 1.44 1.64 1. 81
NE 6B 0.43 2.79 0.12 0.42 0.58 1.32 1.66 1.92 1. 81
NE 7S 0.59 3.12 0.10 0.48 0.62 1. 32 1.57 1.44 6.46
NE 7B 0.45 3.19 0.11 0.43 0.69 L36 1.64 4.62 5.06
NE 8S 0.51 3.64 0.10 0.55 0.69 1.57 1. 84 2.64 6.50
NE 8B 0.49 3.90 0.09 0.43 0.77 1.53 1.66 4. 71 6.96
NE 9S 0.50 3.84 0.10 0.43 0.67 1. 57 1. 86 3.08 5.82
NE 9B 0.48 4.15 0.11 0.64 0.97 1.53 1. 66 7.29 8.10
NE lOS 0.51 4.09 0.10 0.70 0.83 1. 78 1.19 3.67 7.01
NE 10B 0.53 4.23 0.10 0.45 0.83 1. 81 2.06 2.11 8.27
NE llS 0.52 4.33 0.12 0.53 0.69 1. 83 2.17 1.63 4.09
NE llB 0.52 4.50 0.11 0.61 0. 71 1. 89 2.15 5.55 8.40
,-I .-1 
.......... ........ z z 
� � 
Pig Point ctl co 
July 2, s bO bO 0.. 
1974 ::;j ::;j 0.. 
Sample N02 N03 NH4
EN 1S 0.77 6.30 0.14 
EN lB 0.40 2.17 0.14 
EN 2S 0.81 7.90 0.11 
EN 2B 0.44 2.20 0.15 
NE 3S 0. 70 9.29 0.10 
NE 3B 0.57 3.61 0.15 
NE 4S 0. 72 8.23 0.14 
NE 4B 0.61 4.19 0.15 
NE 5S 0.71 7.97 0.10 
NE SB 0.65 4.41 0.15 
NE 6S 0.68 8.91 0.10 
NE 6B 0.71 11. 27 0.15 
NE 7S 0.68 6.45 0.05 
NE 7B 0.74 6.09 0.14 
NE 8S 0.60 7.12 0.03 
NE 8B 0.68 6.14 0.07 
NE 9S 0.65 6.30 0.05 
NE 9B 0.64 6.81 0.05 
NE 10S 0.74 6.01 0.08 
NE lOB 0.72 6.49 0.08 
NE 11S 0.73 5.75 0.09 
NE llB 0.80 5.86 0.09 
TabLe 6 
,-I ,-I .-1 
.......... .......... .......... ,-I 
P-1 P-1 P-1 .......... 
.-1 � � � <: .-I .......... co co co ........ bO 
� s bO bO bO bO ::;j ::;j ::;j ::;j 
DKN TKN O-P04 DP TP Chl "A" 
0.42 0.63 1.46 1. 86 2.33 2.62 
0.33 0.87 1.10 1. 36 2.86 6.71 
0.41 0.76 1.57 1. 91 2.29 3.54 
0.33 0.69 1.17 1.41 2.26 3.25 
0.44 0.56 1. 23 1. 71 1. 94 4.47 
0.38 0.60 1.25 1.54 2.46 2.70 
0.48 0.76 1.61 2.06 2.68 2.15 
0.41 0.55 1. 32 1.72 2.24 2.32 
0.63 0.65 1. 32 1. 67 2.00 2.87 f-J 
0.73 0.76 1. 38 1. 74 2.19 1. 77 f-J w o. 70 o. 70 1.38 1. 70 2.16 4.22 
0.54 0.65 1.47 1. 91 2.49 2.15 
0.53 0.55 -1.12 1.46 1. 99 5.02 
0.59 0.78 1.-17 1.56 4.82 7.39 
0.46 0.59 1.08 1.61 2.34 7.93 
0.62 0.54 1.17 1.46 2.34 5.11 
0.47 0.55 1. 23 1. 56 2.27 6.79 
0.60 0.63 1.17 1.47 2.62 6.71 
0.62 0.66 1.42 1.84 2.46 5.82 
0.66 0.69 1.40 1.84 5.25 10.21 
0.69 0. 71 1.66 2.11 2.93 9.71 
0.62 0.69 1.55 2.04 2.69 5.61 
jll,._ 
Table 7 
r-l r-l r-l r-l r-l - ........ - - - r-l z z P-f P-f P-f -
.u .u r-l .u .u ..u � Pig Point cu Cd r-l ........ Cd Cd Cd 
July 25, ·S ........ bD b!) bD 0.. bD s bD bD bD bD 1974 ::3 ::3 0.. s ::3 ::3 ::3 ::3 
Sample N02 N03 NH4 DKN TKN O-P04 DP TP Chl "A" 
1S 0.53 3.45 0.19 0.47 o. 70 1.55 2.04 2.23 2.70 
lB 0.45 2.52 0.18 0.38 o. 70 1.48 1.74 3-.29 6.63 
2S 0.62 3.19 0.16 0.38 0.57 1. 74 1.96 2.46 3.12 
2B 0.35 1.75 0.15 0.45 0.53 1.48 1.63 2.23 3.25 
3S 0.68 3.81 0.18 0.69 0.71 1.86 2.18 2.42 3.17 
3B 0.59 3.14 0.18 0. 50 0.53 1. 71 2.15 2.65 3.59 
4S 0.74 4.04 0.18 0.59 0.63 1. 97 2.15 2.50 1.94 
4B 0.72 3.77 0.18 0.36 0.47 1. 97 2.26 2.57 2.36 
5S 0.72 6.53 0.17 0.41 0.43 1.82 2.04 2.46 1.65 I-' 
SB 0.75 5.65 0.18 0.76 Q.82 .l.82 2.04 6.04 5.06 I-' 
6S 0.69 7.76 0.15 0.49 0.63 1.86 2.11 2.42 1.35 
6B 0.78 5.92 0.16 0.63 0.65 1. 90 2.11 2.38 1.52 
7S 0.54 3.17 0.06 0.39 0.62 1. 55 1. 85 2.40 5.28 
7B 0.59 3.93 0.10 0.41 0.93 1.67 1. 92 5.60 8.61 
8S 0.47 3.15 0.07 0.41 0.77 1. 71 1. 92 2.61 4.98 
8B 0.51 3.17 0.10 0.31 0.56 1. 78 2.11 2.80 7.22 
9S 0.45 2.34 0.08 0.31 0.66 1. 82 2.15 2.96 7.22 
9B 0.47 2.39 0.09 0.41 0.75 1. 86 2.15 3.30 5.49 
10S 0.38 1. 72 0.07 0.51 0.55 2.01 2.33 3.19 6.03 
lOB 0.40 1. 85 0.09 0.51 0. 60 2.12 2.37 6.11 9.62 
11S 0.36 1.65 0.08 0.51 0.58 2.12 2.44 4.30 10.13 
llB 0.38 1. 71 0.10 0.47 0.67 2.16 2.48 5.45 4.22 
Table 8 
� � � � � 
.......... -.... -.... .......... � z z Pol Pol Pol -.... 
Pig Point 
.1,.1 .1,.1 � .IJ .IJ .IJ <C co co � .......... co co co 
Auij. 8,
·S .......... oO oO oO 0.. 
� s oO oO oO bO 1 74 ::, ::, 0.. ::, ::, ::, ::, 
Sample N02 N03 !\TH4 DKN TKN O-P04 DP TP Chl "A" 
2S 1.11 7.79 0.32 0. so 0.66 2.12 2.92 3.36 1. 86
2B 0.75 3.09 0.49 0.52 2.08 2.37 2.96 3.17
3S 0.93 7.72 0.18 0.95 0.53 1. 97 2.37 2.73 6.33
3B 0.84 3.87 0.53 0.64 2.23 2.29 5.45 11. 06
4S 0.93 7.47 0.15 0.44 0.46 1.44 2.18 2.38 4.81 
4B 0.90 6.65 0.23 0.42 0.53 1.90 2.29 2;60 2.66 
6S 0.95 7.80 0.21 0.56 0.43 1. 90 2.22 2.61 1. 77
6B 0.94 6.86 0.27 0.43 0.54 ·0.83 2.37 2.88 2.15
7S 0.99 9.01 0.16 0.38 0.56 2.01 2.37 2.88 6.33 � � 
7B 0.96 8.19 0.17 0.49 0.48 1. 93 2.22 2.73 4.81 lJl 
9S 1. 05 7.60 0.22 0.56 0.63 2.31 2.55 3.53 6.96
9B 1. 01 7.54 0.19 0. 53 0.57 2.08 2.26 3.28 3.67
10S 1. 08 7.52 0.24 0.56 0.73 2.50 3.03 4.68 9.89
lOB 1. 07 7.88 0.21 0.54 0.60 2.58 2.89 4.20 5.57
11S 1.14 7.96 0.26 0.66 0.78 3.30 3.55 5.49 7.76
llB 1. 07 7.23 0.28 0.61 1.22 2.54 3.15 13.50 18.40 
,,,,..-
Table 9 
,.....; ....-I ....-I ....-I 
.......... --- --- --- ....-I 
:z; :z; p.. p.. p.. ----
Pig Point 
.u .u 
,......f .u .u .u � 
C'j co ....-I co co "' s .......... -
Aug. 19, 
.......... bO bO bO 0.. %° s bO bO bO bO 1974 :I :I 0.. :I :I :I :I 
Sample N02 N03 NH4 DKN TKN O-P04 DP TP Chl "A" 
1S 0.56 3.25 0.11 0.34 0.47 1. 22 1. 52 2.12 3.42 
lB 0.47 2.36 0.12 0.36 0.48 1.22 1.45 3.20 5.61 
2S 0.83 7.29 0.14 0.28 0.36 1. 67 2.08 2.68 3.25 
2B 0.53 2.79 0.11 0.37 0.44 1. 33 1.64 2.81 4.26 
3S 0.51 2.75 0.12 0.27 0.34 1.18 1.48 2.12 2.62 
3B 0.50 2.71 0.12 0.10 0.19 1.26 1.48 2.04 3.33 
4S 0.93 8.76 0.13 0.30 0.34 1.70 2.08 2.56 3.50 
4B 0.75 6.72 0.13 0.31 0.36 1.52 1.88 2.52 3.46 
ss 0.78 6.90 0.13 0.27 0.30 1.52 1.95 2.52 3.00 I-' 
SB 0. 79 6.84 0.13 0.41 0.38 1.52 1. 88 2.63 3.12 
6S 0.98 8.87 0.14 0.15 0.20 1. 78 2.12 2.76 3.46 
6B 0.91 8.29 0.14 0.15 0.17 1.78 2.07 8.32 7.68 
7S 0.89 12.04 0.07 0.32 0.36 1. 74 2.28 3.00 6.50 
7B 1.01 10.79 0.15 0.53 0.62 1. 78 2 .16 6.46 7.76 
8S 0.88 9.56 0.15 0.43 0.63 1. 96 2.52 3.41 7.30 
8B 0.96 11.43 0.09 0.60 1.01 1.67 2.04 11.20 11. 65
9S 0.59 8.56 0.04 0.35 0.18 1. 37 1.84 2.81 9.87
9B 0.84 10.36 0.13 0.98 4.13 2.37 2.87 43.28 39.50 
10S 0.79 8.68 0.08 0.62 0.69 2.44 3.00 4.23 8.31 
lOB 0.79 8.68 0.07 0.34 0.54 2.11 2.65 4.20 6.50 
11S 0.83 8.86 0.09 0.60 0.64 2.70 3.27 5.62 11. 31
llB 0.83 9.07 0.08 0.62 0.68 2.48 2.96 5. 80 7.76
F· 
Table IO 
� � � � � - ....... - - - � z z P-1 P-1 P-1 -
.j.J .j.J .j.J .j.J ,I.J <: Pig Point � til til � ....... til til til 
Aug. 13, s - bO bO bO 0... bO s bO bO bO 1974 ::, ::, 0... s ::I ::, ::I ::I 
Sample N02 N03 NH4 DKN TKN O-P04 DP TP Chl "A" 
1.24 1S 10.11 0.18 0.42 0.57 2.20 2.48 3.15 7.81 
lB 0.61 2.01 0.17 0.28 0.43 1. 74 2.07 2.94 4.68 
2S 1.24 11.56 0.17 0.39 0.48 2.08 2.48 2.96 6.08 
2B 0.93 5.92 0.19 0.38 o.ss 1.97 2.22 3.26 4.22 
3S 1.07 10.68 0.14 0.39 0.39 1. 78 2.11 2.42 2.87 
3B 0.95 6.65 0.19 0.56 0.52 1.82 2.11 2�68 2.24 
4S 0.89 15.91 0.05 0.37 0.40 1.29 1.67 1.96 3.04 
4B 1.08 7.47 0.20 0.39 0.53 2.01 2.26 3.19 ·2. 87
ss 0.88 16.47 0.03 0.29 0.40 1.14 1.55 2.04 4.18 I-' 
SB 1.12 11.18 0.14 0.38 0.61 1.40 1.81 3.47 5. 70
I-' 
6S 0.89 15.76 0.04 0.26 0.39 1.17 1.67 1.96 3.46
6B 1.07 13.68 0.12 0.31 0.48 1.59 1. 96 3.30 3.76
7S i.30 11. 30 0.09 0.47 0.62 1. 86 2.26 3.15 12.74 
7B 1.18 11.92 0.11 0.58 0.55 1.63 2.22 3.15 8.36 
8S 1. 31 11.64 0.10 0.38 0.54 1. 97 2.41 3.32 11. 56
8B 1. 31 11. 74 0.14 0.43 1.58 2.31 2.74 21.30 24.48
9S 1. 35 10.80 0.12 0.49 0.61 2.31 2.63 4.57 10.63
9B 1.34 11.76 0.14 0.67 0.58 2.24 2.63 4.15 8.27 
10S 1.30 10.40 0.12 0.47 0.70 2.39 2.85 4. 71 10.89 
lOB 1. 33 9.97 0.13 0.43 0.76 2.46 2.96 4.85 12.15 
11S 1.10 9.20 0.12 0.54 0.83 2.35 2.81 5.13 11.14 
llB 1.24 10.36 0.17 0. so 0.93 2.46 2.89 9.60 13.67 
7
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APPENDIX 3 
BACTERIOLOGICAL DA.TA 
.• l.i
Station 
EN 1S 
EN lB 
EN 2S 
EN 2B 
NE 3S 
NE 3B 
NE 4S 
NE 4B 
NE ss
NE SB 
NE 6S 
NE 6B 
NE 7S 
NE 7B 
NE 8S 
NE SB 
NE 9S 
NE 9B 
NE 10S 
NE lOB 
NE 11S 
NE llB 
119 
Table I 
Geometric Means and Range 90% Probability 
of Fecal and Total Coliform MPN's of Water 
Samples Collected at High and Low Slack 
Along the Nansemond River 
Low 'I'ide Slack 
Geometric Mean Range 90% Probability 
N 'I'C FC TC FC 
5 <24 <5.1 <14-41 <2.8-8.8 
4 30 <3.3 15-60 <2.6-4.2 
6 <31 <7 ,9 <13-72 <4.0-16 
6 23 8.6 18-30 4. 6-16
5 25 5,6 17-37 2.8-11 
5 53 15 2 5-120 6.8-33 
6 64 15 14-300 6.8-34 
6 100 54 28-360 20-150
6 <14 <6 .1 <:::4.4-45 <2,8-14 
6 88 <31 29-260 <13-72 
6 <51 <15 <18-150 <5 .2-43 
6 91 <19 27-310 <2.4-110 
6 <12 <4,6 <3.8-38 <3.3-6.4 
6 31 <4,4 18-55 <3.3-5.8 
6 26 5.2 9,8-68 3.6-7.6 
6 58 <6.3 29-120 <2. 9-14 
6 72 10 43-120 4.7-22 
6 50 <6.6 24-100 <3 .4-13 
6 140 45 100-300 31-66
6 120 31 84-170 16-60
4 380 96 300-480 59-160
4 310 41 200-490 37-46
i 
I 
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Table I (continued) 
High Tide Slack 
Geometric Mean Range 90% Probability 
Station N TC FC TC FC 
EN lS 4 120 21 84-180 11-38
EN lB 4 17 <3.1 9,8-30 NR
EN 2S 4 230 39 170-330 17-92
EN 2B 4 39 <4.7 12-130 2. 4--9. 6
NE 3S 4 23 <2.8 12-44 1.8-4,5 
NE 3B 4 26 6.7 18-38 4, 4-10 
NE 4S 4 59 3 .3 / 13-280 1.6-6,8 
NE 4B 4 28 3.8 15-.52 1.8-8.2 
' 
NE SS 4 9.7 <2.9 3.0-31 NR 
NE SB 4 63 5,2 33-120 2.3-11 
NE 6S 4 36 9.4 NR 6.4-14 
NE 6B 4 35 12 23-54 6.0-24 
NE 7S 4 17 <1.9 12-24 NR 
NE 7B 4 59 5.5 38-94 2. 9-10
NE BS 4 17 <2.7 11-26 NR
NE BB 4 20 <2,6 12 .. 34 NR 
NE 9S 4 23 2.4 17-32 NR 
NE 9B 4 42 2.6 11-115 NR 
NE 10S 4 31 2.7 17-58 NR 
NE lOB 4 36 <3 .o 18-70 NR 
NE llS 4 54 12 28-110 7.4-19 
NE llB 4 64 12 16-260 6.4-22 
. I 
NR = Range too narrow to be determined by Velz's graphic method 
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Table II 
Total and Fecal Coliform Counts of Water 
Samples Collected at Low Tide Slack 
May 14 May 30 
Station TC FC TC FC 
EN 1S 79 2.0 
EN lB 
EN 2S 23 7,8 33 11 
EN 2B 11 2.0 23 7.8 
NE 3S 27 2.0 4,5 2.0 
NE 3B 79 9.3 22 17 
NE 4S 49 17 49 17 
NE 4B 33 13 33 17 
NE 5S 4.5 ID 33 17 
NE SB 23 7.8 130 79 
NE 6S 33 2.0 220 110 
NE 6B 17 ID 130 33 
NE 7S 49 6.8 13 2.0 
NE 7B 79 13 33 ID 
NE 8S 33 2.0 22 1.8 
NE 8B 130 78 49 4,0 
NE 9S 49 7.8 23 4.5 
NE 9B 33 2.0 79 17 
NE 10S 330 330 130 17 
NE lOB 490 330 79 33 
NE 11S. 490 130 
NE llB 490 33 
ID = indeterminate (<1.8/100 ml) 
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Table II (continued) 
June 25 July 25 
Station TC FC TC FC 
EN 1S 33 13 22 6.8 
EN lB 49 4.5 6.8 ID 
EN 2S 330 70 17 2.0 
EN 2S 49 23 7.8 4.5 
NE 3S 46 23 
NE 3B 49 23 
NE 4S 130 9.3 2,300 330 
NE 4B 33 17 1,100 790 
NE 5S 79 27 220 17 
NE 5B 79 49 790 490 
NE 6S 79 33 330 49 
NE 6B 79 49 3,300 330 
NE 7S 330 110 4.5 ID 
NE 7B 130 13 4.5 ID 
NE 8S 310 49 6.8 1.8 
NE 8B 330 49 4.5 ID 
NE 9S 330 33 33 2.0 
NE 9B 330 49 14 ID 
NE 10S 230 79 46 11 
NE lOB 230 33 13 2.0 
NE 11S 700 230 130 17 
NE llB 790 79 230 33 
ID = indeterminate (<1.8/100 ml) 
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Table II (continued) 
Station August 13 September 10 
TC FC TC FC ---
EN 1S ID ID 70 11 
EN lB 78 ID 33 7.8 
EN 2S ID ID 110 11 
EN 2B 49 33 33 7,8 
NE 3S 49 4,5 33 13 
NE 3B 23 4.5 220 49 
NE 4S 4.0 2.0 23 7,8 
NE 4B 79 49 330 170 
NE 5S ID ID 2.0 2.0 
NE 5B 11 ID 230 34 
NE 6S 49 17 ID ID 
NE 6B 7.8 2.0 130 22 
NE 7S 2.0 ID ID ID 
NE 7B 17 2.0 33 6.8 
NE 8S 4.5 2.0 46 31 
NE 8B 49 ID 79 13 
NE 9S 33 11 330 49 
NE 9B 17 2.0 79 14 
NE 10S 110 23 170 70 
NE lOB 130 23 170 49 
NE 11S 460 170 
NE llB 110 33 
ID = int�rrninate (<1.8/100 ml) 
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Table III 
Total and Fecal Coliform Counts of Water 
Samples Collected at High Tide Slack 
Date 
Station 
June 4 July 2 
EN 18 
EN lB 
EN 28 
EN 2B 
NE 38 
NE 3B 
NE 48 
NE 4B 
NE 58 
NE SB 
NE 68 
NE 6B 
NE 78 
NE 7B 
NE 88 
NE BB 
NE 98 
NE 9B 
NE 108 
NE lOB 
NE 118 
NE llB 
TC/100 ml 
230 
33 
140 
31 
33 
33 
33 
23 
2.0 
49 
33 
34 
23 
33 
13 
49 
17 
46 
46 
130 
79 
330 
FC/100 ml 
33 
2.0 
46 
31 
4.5 
4.5 
4.0 
2.0 
ID 
4.0 
13 
21 
2.0 
4,5 
2.0 
2.0 
2.0 
2.0 
7.8 
2.0 
7,8 
23 
ID = Indeterminate (<1,8/100 ml) 
TC/100 ml 
170 
13 
330 
49 
13 
13 
170 
11 
2.0 
17 
33 
23 
11 
49 
7,8 
4.5 
23 
6.8 
11 
22 
33 
22 
FC/100 ml 
33 
ID 
9,3 
2.0 
2.0 
4,5 
7,8 
2.0 
ID 
1.8 
4,5 
4,5 
ID 
4.5 
ID 
ID 
4,5 
1.8 
1. 8
11 
11 
6.1 
I '
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Table-III (continued) 
Date August 19 September 17 
Station TC/!00 ml FC/100 ml TC/100 ml FC/100 ml 
EN 1S 49 13 110 13 
EN lB 6.8 2.0 31 13 
EN 2S 330 49 170 110 
EN 2B 11 ID 140 4.5 
NE 3S 13 ID 46 4,0 
NE 3B 13 13 79 7.8 
NE 4S 13 2.0 170 1.8 
NE 4B 49 11 49 4.5 
NE 5S 17 11 130 2.0 
NE SB 110 23, 170 4,5 
NE 6S 49 17 33 7.8 
NE 6B 79 33 23 7.8 
NE 7S 14 2.0 21 1.8 
NE 7B 110 23 70 2.0 
NE 8S 33 ID 23 7.8 
NE SB 22 2.0 33 6.8 
NE 9S 33 2.0 23 2.0 
NE 9B 430 6.8 23 2.0 
NE 10S 17 2.0 110 2.0 
NE lOB 17 ID 33 2.0 
NE 11S 26 13 130 17 
NE llB 14 7,8 170 22 
ID = Indeterminate (<1.8/100 ml) 
-,1 l 
1.: 
! 
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Table IV 
Total and Fecal Coliform Counts of Water 
and Oyster Samples Collected at 
Nansemond Ridge 
Date June 17 July 
Type 
Sample TC/100 g FC/100 g TC/100 g
Oysters 7,900 210 230 
1,300 37 130 
1,300 110 330 
1,700 1,700 
4,900 1,700 
1,700 170 
2,300 1,300 
1,300 170 
1,300 220 
1,100 330 
TC/100 ml FC/100 ml TC/100 ml 
Water 7.8 <1.8 79 
1 
FC/100 g
78 
20 
45 
FC/100 ml 
9.3 
----=------ -- -- .- ... -- -- -·-- ---·--- - - ----·· ·--- - -- -
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Table IV (continued) 
Date 
Type 
Sample 
Oysters 
. Water 
July 29 
TC/100 g FC/100 g 
330 20 
490 78 
490 78 
490 40 
170 45 
TC/100 ml FC/100 ml 
13 4.5 
August 26 
TC/100 g FC/100 g 
170 20 
490 78 
3,300 140 
140 20 
1,700 40 
790 130 
490 18 
TC/100 ml FC/100 ml 
17 <1.8 
Date 
Type 
Sample 
Oysters 
Water 
128 
Table IV (continued) 
September 16 
TC/100 g FC/100 g 
490 93 
330 130 
490 170 
490 110 
93 18 
130 45 
45 20 
TC/100 ml FC/100 ml 
33 11 
Type Sample 
Oysters 
Oysters 
129 
Addendum 
Additional data concerning total and fecal 
coliform counts in water and oyster samples 
collected at Nansemond Ridge 
October 28, 1974 November 
TC/100 g FC/100 g TC/100 g 
330 78 70 
24,000 7,900 340 
110 45 170 
2,800 490 1,300 
2,300 45 220 
490 40 45 
490 
1,200 170 250 
(Geometric Means) 
Water 
--- --
TC/100 ml 
17 
FC/100 ml TC/100 ml 
2 33 
27, 1974 
FC/100 g 
68 
68 
45 
790 
40 
<18 
<18 
<58 
FC/100 ml 
2 
I 
3 
GC 
1 
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INTRODUCTION 
This is a report of work done by the Virginia Institute of Marine 
Sci�nce conducted in May, June and July, 1974, in accordance with an 
agreement with McGaughy, Marshall and McMillan - Hazen and Sawyer. 
The purpose was to determine on public bottoms the magnitude of the 
oyster, clam and shell resource in the vicinity of a proposed sewer 
outfall in the James River off Craney Island. 
The area covered by this study extended from Streeter Creek above 
Craney Island to Fishing Point on the south side; on the north side 
it began at Newport News Point and �xtended up-river for 1-1/3 miles 
(Figure 1). 
The data in this report have been supplemented with reviews of 
surveys made during previous years from Newport News Point to the mouth 
of the system. One of these studies was a summary made in 1972 along 
the proposed route of I-664.* Data from this latter report is quoted 
in part for areas 1 to 6. 
Included in this report is a review of oyster production, MSX 
and pollution in the lower James. 
This report, in accordance with our agreement with the contractors, 
investigated only public bottoms. The productivity of leased areas 
in the James, Nansemond and Chuckatuck Rivers are not evaluated. 
·:: McGaughy, Marshall, and McMillan - Sverdrup and Parcel. Dec. 1972.
1-664 Corridor Location Study. Route I-664 Project 0664-504-101-PE-101.
Federal Project 1-664-7 (1) 232.
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The James River 
Oysters - Oyster Production - MSX 
The James River is the largest seed oyster producing area on the 
east coast. Here oysters set naturally on the shelly bottom. In the 
1973 to 1974 season 372,537 bushels of seed oysters and 186,290 bushels 
of shucking oysters were harvested from its extensive public rocks. 
While the James is productive today, there has been a drastic decrease 
in production since 1960 which was most severe in the lower part of 
the river starting in the vicinity of Thomas 1 Rock and extending to 
the mouth in lower Hampton Roads. This decline was part of a bay-wide 
decline in nearly all the high salinity regions (15 parts per thousand 
and over). The oyster disease, MSX, which first appeared in Chesapeake 
Bay in 1960 contributed substantially to the decline. In high salinity 
regions MSX often killed up to 70 percent of the oysters present each 
year. The disease, however, did not cause mortalities in mid to low 
salinity regions such as occur in the upper half of the James seed 
beds (that is, from Thomas 1 Rock, located about 4 miles up-river from 
Newport News Point, to the upper limits of oyster culture). 
The oyster disease MSX is still present in the study area. 
In years characterized by heavy rainfall, salinities in the lower 
James may drop to the level when MSX causes only limited mortalities. 
With the return of high salinities, however, mortalities associated 
with MSX may again become high; During the early and mid-1960 1 s, 
MSX was especially destructive in the area covered by this study. 
Production from the public rocks dropped almost to zero, private 
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growers ceased operations, and no seed was planted. Several of the 
lease holders located below the James River Bridge reported that nearly 
a 11 their oysters died. Today MSX is still the major cause of oyster 
mortality in high salinity regions of Chesapeake Bay. 
During the past 3 or 4 years, there has been an increase in the 
survival of oysters on the south side of the James River on public 
and private grounds beginning at about the James River Bridge and 
extending at least 2 to 3 miles down river. That is, the upper end 
of the study area is just within this zone. 
The probable reason for this increased survival is a reduction 
in the severity of MSX due to below average salinities which have 
prevailed for the past few years. This has allowed oyster populations 
to gradually accumulate. How long this situation will continue is 
unanswerable. Low salinities similar to those experienced in 1972 
and 1973 will favor a continuation of the present situation. If 
salinities increase in the area due to low rainfall in the watershed 
area, then mortalities due to MSX may again increase to levels observed 
in the early 1960 1 s. 
MSX-resistant oysters have been grown, and there is the possibility 
that if a technique is developed to produce large quantities of disease­
resistant seed oysters (at an acceptable price), then the down-river 
area may again be used to grow oysters. 
Hard Clams 
The hard clam, Mercenaria mercenaria, occurs in commercial quan­
tities within the study area and to the east from Newport News Point 
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I to the mouth of the James. During the open season an estimated 25 to 
35 boats may at one time or another work in the area from the James 
River Bridge to Willoughby Spit at the mouth. As will be discussed 
later most of this area is classed as restricted for shellfish harvest 
by the Virginia Bureau of Shellfish Sanitation; therefore, shellfish 
harvested within the restricted zone cannot be sold for consumption 
unless they are first relaid in pollution-free water under the super­
vision of the Virginia Marine Resources Commission for at least 15 
days with water temperature at SOF or higher. 
Soft Clams 
The soft clam, Mya arenaria, occurs from Craney Island to about 
Knotts Creek and off Barrel Point from the lower intertidal zone out 
to a maximum depth of about 3 ft MLW. 
The Study Area 
The proposed outfall is located where the Nansemond River and the 
James River empty into Hampton Roads. Here the composition of the 
bottom and depth varies widely (Figure 1). In the area south and 
west of Newport News Point there is a deep (30-70 ft) natural channel. 
To the south of the channel, the bottom becomes shallower (less than 
12 ft), except for a small chann�l of medium depth (12-20 ft) leading 
into the Nansemond River. Most of the river bottom between 12 and 
about 6 feet in depth has been designated as Baylor Survey Grounds; 
inshore of this public oyster ground most of the bottom has been 
leased by the State to individuals for oyster culture. 
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Baylor Grounds 
Large blocks of Baylor survey grounds are located in the study 
ayea. These are: part of Nansemond County P.G. No. 1- 1075.0 acres; 
Nansemond County P.G. No. 2 - 3319.6 acres; and the lower half of Isle 
of Wight County P.G. No. 6 - 4148.2 acres (Figure 1). Leased bottoms 
are extensive in the mouth of the Nansemond River and in areas between 
Barrel and Fishing Point. The principal public oyster rock on the 
Baylor grounds in the lower James is known as Nansemond Ridge and it 
is located at the mouth of the Nansemond River. Offshore, near the 
channel are three rocks, Cruiser Shoal Rock, Newport News Rock, and 
Drum Shoal Rock. Inside the mouth of the Nansemond or at its entrance 
are two small public rocks, Larkins' Rock and Flat Rock. The preceding 
rocks are included in public grounds No. 2 and 6; P.G. No. 1 lies to 
the East of Pig Point. About 5 miles down-river are several tracts 
of Baylor Ground located in the Elizabeth River. 
Pollution in the Study Area (Restricted Areas) 
About half of the study area is classed as restricted for the 
harvest of shellfish by the Virginia Bureau of Shellfish Sanitation 
(Figure 2). The restricted area includes all of lower Hampton Roads. 
However, beginning at Craney Island only the area on the north side 
of the channel is restricted. The south side is largely unrestricted 
except for a small area off Pig Point which is restricted because of a 
sewage treatment plant from Tidewater Community College. 
-
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METHODS 
Patent Tong Study 
The area studied was divided into subareas using the contour lines 
shown on N. o. S. Charts No. 529 and 562 (Figure 1 ). The basis 
for the divisions was the knowledge that different bottom types and 
depths commonly indicate different densities of clams or oysters. The 
subareas were then gridded into individual blocks 200 yds2 . Between 
33% and 50% of the grid squares from each subarea were randomly 
chosen for sampling by using a table of random numbers. 
Data from the previous I-664 Corridor report are summarized. The 
findings of this earlier study are comparable to data collected in the 
present survey since the gear and sampling techniques were same for 
both studies. Stations occupied in the 1972 Corridor study are shown 
in Figure 1, areas 1-6. 
Locations sampled in the 1974 study are designated as areas 7-11. 
During May, June and July 1974, 200 locations were sampled for oysters, 
hard clams and shell. In addition, locations close to shore where 
the presence of soft clams, Mya arenaria, was suspected were sampled 
(Figure 1). 
Sampling was done with patent tongs for two reasons: i) They 
are very efficient at recovering clams, oysters and shell material 
larger than about 1-1/2 inch; and, 2) they sample a discrete area 
( 1. 2 yd2). If desired, they may be manipulated to sample to depths 
of about 24 inches (as was done with sampling for soft clams). Ten 
separate grabs1 were made at stations with the vessel being moved about
1 
Twenty grabs were made at each station in the 1972 study. 
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10 feet between grabs. Average numbers of oysters and clams for each 
station were calculated. Mortality was estimated by counting the 
2 
number of 11boxesn . Average density of clams, oysters and boxes 
for each subarea was calculated. 
The density of clams in this study are classed as follows: Low 
density (0-23 bu/acre); medium density (24-55 bu/acre); and high density 
( 56 bu/acre and over )3. Commercial clammers often harvest in areas 
classed as medium and high. 
A summary of all stations sampled with pertinent data on depths, 
substrate, surface area, and number of stations is shown in Table 1 
and 2; stations may be located by referring to Figure 1. 
Density was calculated for both studies using the following formula: 
No. collected in an area 
(No. of grabs) (l.2/yd2 grab)
= 
density (no./acre7300 clams/bu or 440 oysters/bu or · 52 qt/bu.) 
4,840 yd2/acre 
The size of each subarea was measured from NOS chart 529 with a 
polar planimeter for latter study. 
Soft Clam Study 
The survey which determined distribution of soft clams, Mya 
arenaria, was made in three ways. 1) A biologist walked along the 
intertidal area at low tide and counted siphon holes; when holes were 
encountered, a representative sample of clams was dug; 2) a diver 
2 A 11box 11 is a dead clam or oyster ( 2 valves still joined by the hinges). 
3 
Modified from 11An investigation into commerc ia 1 aspects of the hard 
clam fishery and development of gear for the harvest of mollusks TT by 
Haven, Loesch and Whitcomb, 1973. 
10 
Table l 
Details of a previous study done for Virginia Department of Highways. 
(20 patent tong grabs were taken at each station) 
Area 1: Hampton Roads (south) 
Depth: 10-18 feetMLW 
Substrate: Soft mud 
Surface area: 1,.493.&8 acres 
Number of stations: 19 
Area 2· Hampton Roads (anchorage) 
Depth: 19-27 feet MLW 
Substrate: Soft mud to hard sand 
Surface area: 1,892.56 acres 
Number of stations: 21 
Area 3: Newport News Middleground 
Depth: 14-18 feet MLW 
Substrate: Hard sand 
Surface area: 118.82 acres 
Number of stations: 3 
Area 4: Newport News Channel 
Depth: 40-45 feet MLW 
Substrate: Soft mud over 11ard clay 
Surface area: 144.28 acres 
Number of stations: 3 
Area 5: Newport News Bar 
Dept:h: 6-12 feet MLW 
Substrate: Hard sand 
Surface area: 390.39 acres 
Number of stations: 6 
Area 6: Newport News Bar 
Depth: 13-18 feet MLW 
Substrate: Hard sand 
Sur face area: l:Li, /9 acres 
Number of stations: 3 
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Table 2 
Details of the area surveyed in July 1974 
(10 patent tong grabs were taken at most stations) 
Area James River (south) 
Depth: 4-20 feet MLW 
Substrate: Mud and sand 
Surface area: 5,410.16 acres 
Number of stat ions: 113 
Area ;_;; James River (channel) 
Depth: 11··6B feet MLW 
Substrate: Mud 
Surface area: 2,351.80 acres 
Number of stations: 69 
Area '): Nansemond Ridge Rock 
Depth: 3-7 feet MLW 
Substrate: Hard shell and sand 
Surface area: 242.32 acres 
Number of stations: 9 
Area 10: Cruiser Shoal Rock 
Depth: 3-7 feet MIM 
Substrate: Hard shell and sand 
Surface area: 71.42 acres 
Number of stations: 4 
Area 11: Soft Clam Area 
Depth: 0-3 feet MLW
Substrate: Firm sandy clay 
Surface area: 
Number of stations: 22 
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swam over the bottom and counted numbers of clam holes; and 3) a patent 
tong was used to dig a hole (10 ft2), and numbers of soft clams collected
by the tongs was counted. 
RESULTS 
I, 1972 Study 
Areas 1, 2, 3, 4, 5 and 6 were studied in 1972 (I-664 Corridor 
report).1 This is the area about 3000 yards wide East of Newport
News Point extending the width of the river. While these data were 
collected two years ago, it is believed that conditions relating to 
density have changed little in the two year period. Data which follow 
are quoted from that report. 
Oysters were not found in areas 1-6 in any significant quantity; 
the highest average catch recorded at any station was 0,2 oysters/ 
grab; at most stations catch was zero. 
A'summary of the size of each area,
1
it� bottom type, location,
and number of stations sampled is shown in Table and Figure 1. Details 
of sampling at the individual stations are shown in Table 3. 
AREA 1: Density of clams in this 1494 acre area on the south 
side of the James was low and the overall average catch for 380 patent 
tong grabs was 0.02 clams/grab, yielding an estimate of 0.3 bu/acre 
(Table 4 ). Oyster shell was also scarce with the exception of scattered 
concentrations at stations 1 and 13. Since much of Area 1 was once 
leased for private oyster culture, shells were pl�ntiful at one time. 
The old shell at this station, however, is now buried under a silt layer. 
1 McGaughy, et al. op citi. 
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Table 3 
Station Number and Average Numbers Per Grab of Oysters and 
Hard Clams at Stations in the Lower James River, Virginia, 19721.
Area 
1. 
Station 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
lL1 
15 
16 
17 
18 
19 
Overall Average 
2 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll. 
1.2 
13 
1L1 
Vi 
16 
17 
18 
19 
20 
21 
•lvera l l Average
Mollusks 
Hard Clam 
0.1 
0 
0 
0 
0 
0 
0 
0 
0 
0. l
0
0
0 
0 
0 
0 
0 
0. l
0.1
0.02
11. 6 
7 .0 
10.6 
6 .L1 
0 
0.1 
0. 1
0.2
0
0
0.9 
0 
4.2 
7.7 
0.3 
9.2 
13 .4 
0.8 
J.4
11. 3
l - ;1ccaugliy, et al, op cit 
Oyster 
0.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
0 
0 
0 
0 
0 
0 
0.110 
() 
0 
0.1 
0.1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
() 
0 
0 
Jlard Clam 
0.1 
0 
0 
0.2 
0 
0 
0. 1
0.1
0 .1
(). 1
()
()
0
0 
0.1 
0 
0 
0 
0 
0 .Ot+ 
6.4 
5.2 
6.7 
5.8 
0 
0 
0 
() 
0.1 
0 
O.l
() 
0.6
0.8 
0 
0.9 
l. L1 
0.1 
1.3 
6.2 
4.6 
l. 91 
She 11 Number 
Oyster 
17.5 
0 
0.1 
0 
0.1 
0 
0 
0.3 
0 
0.2 
0.3 
0.2 
11.0 
0.2 
0.2 
0.4 
0.1 
0.1 
0.2 
1.54 
0.1 
0.2 
0 
23.2 
0.3 
0 
0 
0.1 
0.1 
0 
0.1 
0.2 
0 
0 
0.1 
0 
0 
0.1 
0.1 
0.3 
0 
1.18 
Total 
17.6 
0 
0.1 
0.2 
0.1 
0 
0.1 
0 .L1 
0.1 
0.3 
0.3 
0.2 
11.0 
0.2 
0.3 
0.5 
0.6 
0.2 
0.2 
1.62 
6.7 
5.4 
6.8 
29.0 
0.5 
0.4 
0.3 
0.7 
0.8 
0.3 
1.6 
0.3 
1. 7
1.2
1. 7
1.8 
3.5 
1.1 
3.2 
7.6 
4.8 
3.78 
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Table 3 (Contd) 
Mollusks Shell Number 
Area Station Hard Clam Oyster Hard Clam Oyster Total 
3 1 4.0 0.15 0.3 0.1 0.4 
2 4.9 0 0.6 0 1.2 
3 3.7 0.2 1.8 0.1 2.2 
Overall Average 4.20 0.11 0.90 0.06 1.26 
l'.1 l 0.7 0 0.5 0.2 1.0 
2 0.3 0 O.J 1.8 2.5 
3 0.1 0 0.1 0.1 0.2 
Overall Average 0.36 0 0.30 0.70 1.23 
5 l 8.8 0 18.2 72.8 91.0 
2 l1.0 0 lJ .2 52.6 65.8 
3 5 .1 0.1 31.6 126.6 158.2 
l'.f 3.8 0.1 17 .1 68.3 85.4 
5 5.6 0.2 19.3 77 .3 96.6 
6 6.6 0 29.7 118. 7 148.4 
Overall Average 5.65 0.06 21. 51 86.05 107.56 
6 1 2.4 0.1 2.4 0.7 3.3 
2 Lf. 7 
0 9.8 39.2 49.0 
3 0 0 2.0 7.8 9.8 
Overall Average 2.36 0.03 l1. 7J 15.90 20. 70
Table 4 
Total abundance of live hard clams, oysters and shell 
determined from the average patent tong catches 
A. East of.Newport News Point
Clams/acre Oysters/acre 
Area bushels bushels 
1 0.3 "Less 
2 63.0 
than 
3 58.0 
4 6.0 1 bu 
5 78.0 acre" 
6 32.0 
B. West of Newport News Point
7 1.1 4.2 
8 _12.1 0.09 
9 5.5 34.6 
10 0.0 72.2 
Shell/acre Substrate Acres 1 in 
bushels type sample area 
13 Mud-silt 1,126.40 
27 Mud-silt to 1,427.20 
hard sand 
8 Hard sand 89.60 
1 Soft mud over 108.80 
hard clay 
772 Sand 294.40 
149 Sand 102.40 
114 Mud and sand 5,410.16 
31 Mud 2,351.80 
398 Hard shell 242.32 
and sand 
504 Hard shell 71.42 
and sand 
1 - Size measured from NOS chart 529 with polar planimeter for latter study. 
Total Va bushels in sample area 
Hard clams Oysters 
448 "Low 
119,231 and 
not 
6,891 of 
866 economic 
concern" 
30,451 
4,345 
5,951 22,723 
28,457 212 
1,333 8,384 
0 5,156 
Shell 
19,418 
57,099 
950 
144 
301,383 
20,232 
616,758 
72,906 
96,443 
35,996 
I 
f-' 
Ul 
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AREA 2: This area, 1,893 acres in size, was the most non-homo­
gen�ous (with respect to catch of hard clams) of all the areas sampled. 
Stations 5, 6, 7, 8, 9, 10, 12 and 15 appear to be an extension of the 
conditions found in Area 1. The overall average catch yielded an 
estimate of about 1 bushel per acre. Immediately beyond these stations 
along an axis formed by Stations 11 and 18 there is an area of rapid 
transition from low to high hard clam abundance, The estimated abundance 
at these two stations is 12 and 11 bushels per acre. Beyond this, 
toward the Middle Ground, the average catch of hard clams rose to 
3.4 clams per grab or 47 bushels per acre at Station 19 and 4.2 clams 
per grab or 58 bu/acre at Station 13. The estimates of hard clams for 
the remaining nine stations in Area 2 ranged from 88 to 185 bu/acre, 
For all 21 stations the average catch was high (63 bu/acre) ( Tables 3 
and 4). 
AREA 3: Patent tong catches in this 118 acre area indicated a 
medium abundance of hard clams. Average catches ranged from 3.7 to 
4.9 clams per grab for an estimate of 51 to 68 bu/acre; for the three 
stations combined, the average catch was 4.2 clams per grab or 58 bu/ 
acre (Tables 3 and 4). 
AREA 4: Hard clams were scarce in this 144 acre area; the 
average catch derived from 60 patent tong grabs, was 0.4 clams per 
grab or an estimated 6 bu/acre.(Tables 3 and 4). The scarcity of hard 
clams in this area was expected because it is a dredged, deep-water 
channel. 
AREA 5: The estimated abundance of hard clams in this 390 acre 
area ranged from medium to high, with an overall catch average of 
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5.6 clams per patent tong grab or an estimated 78 bu/acre (Table 3 
and 4). 
AREA 6: Average patent tong catches in this 136 acre area 
ranged from zero to 4.7 clams per grab with an overall estimate of 
32 bu/acre (Tables 3 and 4). This is regarded as medium density. 
II. Present Study 
There follows a summary of the study just conducted in May, June 
and July 1974 for McGaughy, Marshall and McMillan - Hazen and Sawyer. 
AREA 7: This 5410 acre area is on the south side of the James 
and is the up-river continuation of Area 1. It lies on public oyster 
grounds No. 2 and partially on 6. Within this large zone are located 
the following oyster rocks: Nansemond Ridge, Cruiser Shoals Rock, 
Newport News Rock, Drum Shoals Rock, Larkins Rock, and Flat Rock. 
However, the shallower portions (top of the rock) of Nansemond Ridge 
and Cruiser Shoals Rock are studied separately (Figure 1). 
The density of hard clams in this large area was low (1.1 bu/acre), 
and 84% of the stations had no clams. Therefore, in respect to density 
of clams the area was similar to Area 1 down-river. Only at one 
station (675) were appreciable numbers of clams found (3 per grab) 
(Tables 4 and 5). 
The average 9yster density over the area was very low (4.2 bu/ 
acre), the distribution, however, was non-homogenious. There were 
scattered areas all over the tract of much higher density. For 
example, 14.5 per grab were taken at Station 125 inside the mouth of 
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Table 5 
Station Number, Numbers of Grabs and Average Numbers of 
Oysters and Hard Clams at Stations in the Lower James River, 
Virginia, 1974. 
no. of No. of Live No. of 
J\rea Station Grabs Hard Clams Live Oysters 
Total Avg/Grab Total Avg/Grab 
···--·--
7 46 10 0 0 0 0 
47 10 0 0 0 0 
48 10 0 0 0 0 
L19 10 0 0 0 0 
50 10 0 0 0 0 
51 10 0 0 0 0 
52 10 0 0 0 0 
53 10 0 0 0 0 
SL1 10 0 0 0 0 
55 10 1 0.1 0 0 
56 10 0 0 0 0 
57 10 0 0 0 0 
58 10 0 0 0 0 
59 10 0 0 0 0 
60 10 0 0 0 0 
61 10 0 0 0 0 
62 10 0 0 0 0 
63 10 0 0 0 0 
64 10 0 0 0 0 
65 10 0 0 0 0 
66 10 0 0 0 0 
67 10 1 0.1 0 0 
() 8 10 0 0 0 0 
69 10 0 0 0 0 
70 10 5 0.5 0 0 
71 10 0 0 0 0 
72 10 0 0 0 0 
73 10 1 0.1 0 0 
74 10 14 l. L1 4 0.4 
75 10 7 0.7 0 0 
7G 10 1 0.1 0 0 
675 10 30 3.0 0 0 
77 10 0 0 0 0 
rn 10 1 0. 1 10 1.0 
79 10 0 0 0 0 
80 10 0 0 0 0 
81 10 0 0 0 0 
82 10 0 0 0 0 
83 10 0 0 0 0 
84 1.0 0 0 0 0 
116 10 0 0 0 0 
,, 52 qts c.=- l Va busllel 
Shell 
Total 
(qts) "k 
1.0 
10.0 
0.0 
0.2 
0.0 
0.0 
0.0 
0.0 
2.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.0 
0.0 
33.0 
26.0 
0.0 
31.0 
0.1 
99.0 
21.0 
2.0 
7 .0 
0.0 
16.0 
1.0 
0.2 
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No. of No. of Live No. of Shell 
Area Station Grabs Hard Clams Live Oysters Total 
Total Avg/Grab Total Avg/Grab (qts) ·k - -------- · 
7 117 10 0 0 0 0 8.0 
118 5 1 0.2 28 5.6 41.0 
119 10 0 0 0 0 4.0 
120 10 0 0 8 0.8 60.0 
121 10 0 0 0 0 6.0 
122 5 0 0 55 11.0 30.0 
123 10 0 0 0 0 0.0 
!2L1 10 0 0 0 0 45.0 
125 2 0 0 29 14 .5 20.0 
126 10 0 0 0 0 5.0 
127 10 0 0 0 0 0 .0 
128 10 0 0 37 3.7 76.0 
129 10 0 0 0 0 0.0 
130 10 0 0 42 4.2 78.0 
13 l 10 0 0 0 0 1.0 
132 10 0 0 1 0.1 18.0 
133 10 0 0 0 0 0.0 
134 IO 0 0 0 0 1.0 
135 10 0 0 0 0 15.0 
136 10 0 0 0 0 1.0 
139 10 4 0 .L, 1 0.1 24.0 
1!10 10 0 0 0 0 12.0 
lfil 10 0 0 0 0 6.0 
142 10 0 0 0 0 5.0 
l4L1 10 L1 () .!, 8 0.8 43.0 
145 2 0 0 13 6.5 18.0 
ltf8 10 0 0 0 0 16.0 
149 10 0 0 0 0 6 .0 
150 10 0 0 0 0 6 .0 
151 10 0 0 0 0 6.0 
152 10 0 0 0 0 3.0 
155 10 0 0 0 0 10.0 
156 10 0 0 Lil 4.1 64.0 
157 10 2 0.2 6 0.6 62.0 
l '5 B 10 · o 0 0 0 9.0 
159 8 0 0 151 18.9 35.0 
160 10 9 0. () 2 0.2 57.0 
l.61 10 0 0 () 0 2.0 
162 10 0 0 0 0 4.0 
163 10 0 0 () () 4.0 
l.6L; 10 Cl 0 0 0 19.0 
165 10 0 0 0 () 9.0 
l(i6 10 0 0 0 0 11.0 
lh7 LO 0 0 0 0 16.0 
16g 10 0 0 0 0 9.0 
169 10 2 0.2 0 0 26.0 
1 7 Cl 10 0 0 l 0.1 6.0 
urn 10 0 () 0 0 0.0 
181 10 l 0.1 0 0 0.0 
Ul2 9 0 0 25 2.8 58.0 
)� qls l Vo. b1J',llel 
-·- -·----- --- ------ - --- ---
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No. of No� of Live No. of Shell 
Area. Station Grabs Hard Clams Live Oysters Total 
Total Avg/Grab Total Avg/Grab (qts) 
"k 
�--·---
7 183 10 4 0.4 25 2.5 55.0 
184 10 0 0 0 0 6.0 
185 10 0 0 0 0 2.0 
186 10 0 0 0 0 0.0 
Hl7 10 0 0 0 0 2.0 
188 10 0 0 0 0 19.0 
190 2 0 0 11 5.5 15.0 
191 10 0 0 0 0 32.0 
192 10 0 0 0 0 4.0 
193 10 0 0 1 0.1 38.0 
195 10 0 0 0 0 24.0 
196 10 0 0 0 0 5.0 
197 10 0 0 0 0 15.0 
198 10 0 0 0 0 13 .0 
199 10 0 0 0 0 19.0 
200 10 0 0 0 0 12.0 
201 10 0 0 0 0 14.0 
202 10 0 0 0 0 24.0 
203 10 4 0.4 6 0.6 48.0 
20L, 10 0 0 0 0 6.0 
205 10 0 0 0 0 20.0 
206 10 0 0 _o_ 0 22 D ---
Total 1,093 92 505 1,605.6 
Overall Average 0.08 0.5 
8 7 10 3 0.3 0 0 0.1 
10 0 0 0 0 0.0 
9 10 J 0.3 0 0 24.0 
10 10 5 0.5 0 0 93.0 
11 10 0 0 0 0 0.0 
12 10 0 0 0 0 41.0 u 10 9 0.9 7 0.7 41.0 
ilf 1.0 () 0 0 0 0.0 
15 10 0 () 0 0 0.0 
16 10 0 0 0 0 24.0 
17 10 26 2.6 0 0 16.0 
18 1.0 0 0 () 0 0.0 
19 10 0 () () 0 0.0 
20 10 0 0 0 0 0.0 
21 LO 0 0 () () 0.5 
22 10 0 0 0 0 0.0 
23 10 () () () 0 0.0 
2L1 10 0 0 () 0 0.0 25 LO 0 0 0 0 0.0 
2!) LO l 0.1 0 0 0.0 
27 LO l 0 .1 0 0 1.0 
?O 10 0 0 0 0 1.0 .... (.) 
29 L 0 1 0. 1 0 0 0.0 
30 10 0 0 0 0 0.0 
Jl 10 0 0 0 0 0.0 
32 10 0 0 0 0 0.0 
,'; 52 qts ·- l Va bushel 
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No. of No. of Live No. of Shell 
Area Station Grabs Hard Clams Live Oysters Total 
Avg/Grab (qts) 
"'k 
Total Total Avg/Grab --·- ··-·-� ... -
8 33 10 0 0 0 0 
1.0 
34 10 0 0 0 0 
0.0 
35 10 0 0 0 0 
0.0 
36 10 0 0 0 0 
o.o
37 10 0 0 0 0 
0.0 
38 10 0 0 0 0 
0.0 
39 10 0 0 0 0 
0.0 
40 10 0 0 0 0 
o.o
41 10 0 0 0 0 
0.0 
42 10 0 0 0 0 
0.0 
43 10 1 0.1 0 0 
0.0 
44 10 0 0 0 0 
0.0 
45 10 0 0 0 0 
0.0 
85 10 13 1.3 0 0 
4.0 
86 10 32 3.2 0 0 
7.0 
87 10 20 2.0 0 0 
19.0 
88 10 2 0.2 0 0 
2.0 
89 10 6 0.6 0 0 
4.0 
90 10 35 3.5 0 
0 5.0 
91 10 12 1.2 0 
0 10.0 
92 10 15 1.5 0 0 
6.0 
93 10 42 L1 .2 0 
0 4.0 
94 10 76 7.6 0 
0 8.0 
95 10 38 J.8 0 
0 44.0 
96 10 10 1.0 0 
0 4.0 
97 10 67 6.7 0 
0 1.0 
98 10 29 2.9 0 
0 6.0 
99 10 25 2.5 0 
0 5.0 
100 10 104 10. !1 0 
0 19.0 
101 10 3 0.3 0 
0 0.0 
102 10 0 0 0 
0 0.0 
103 10 4 0.4 
0 0 1.0 
104 10 6 0.6 
0 0 2.0 
105 10 5 0.5 
0 0 37.0 
106 10 24 2 .
L1 0 0 6.0 
107 10 17 
1. 7 0 0 47.0 
108 10 0 
0 0 0 1.0 
109 10 0 
0 0 0 0.0 
llO 10 !1 0 .
t1 0 0 1.0 
111 10 () 
() 0 0 0.1 
112 10 0 0 
0 0 0.1 
113 10 0 
0 0 0 0.5 
114 10 0 
0 0 0 0.0 
'1'otal 
115 J.Q_ _ Q __ _  Q_  __Q_ 
0 0.0 
OvPc111 
7 lC• 639 7 
286.3 
· ' · · Average
0.9 0.01 
9 0 0 3 1 2 LS 
1.4. 0 
2 3 2 0.6 
0 0 8.0 
3 2 2 
1.0 0 0 10.0 
!1 2 2 1.0 2 1.0 
5.0 
·-.',; 52 qts - 1 Va bushel
-·---' 
-22-
No. of No. of Live No. of Shell 
Area Station Grabs Hard Clams Live Oysters Total 
Total Avg/Grab Total Avg/Grab (qts) '"k 
··--�--· ·-··--- -·---·---··
9 137 3 1 0.3 19 6.3 19.0 
138 2 0 0 2 1.0 10.0 
143 3 1 0.3 14 4.6 17.0 
146 2 0 0 20 10.0 12.0 
153 3 1 0.3 23 7.6 18.0 
Total 22 <:) 83 113 .0 
Overall Average 0.4 3.8 
10 5 2 0 0 15 7.5 15.0 
6 2 0 0 12 6.0 14.0 
189 2 0 0 24 12.0 14.0 
19!, 2 0 0 12 6.0 9.0 --
Total 8 () 63 52.0 
Overall Average 0 7.9 
52 qts = 1 Va bushel 
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the Nansemond, and 18.9 per grab were obtained at Station 159 off 
Candy Point. The existance of a more extensive population of oysters 
during the past in this area was evidenced by.the existance of shell 
in many of the samples. The average shell density for the entire 
area was 114 bu/acre (Tables 4 and 5). 
AREA 9: This area was 742 acres in size and represented the 
shallow 11top 11 of Nansemond Ridge (Figure 1). Here oyster shell was 
found at all stations; density was estimated at 398 bu/acre. Oysters 
were only moderately abundant; 3.8 were obtained on the average per 
grab. Estimated density was 35 bu/acre. Hard clams were scarce, 
and estimated density was only 5.5 bu/acre (Tables 4 and 5). 
AREA 10: This 71 acre area is the "top11 of Cruiser Shoals Rock. 
No hard clams were found here since this location is at the up-river 
limit of the species (Figure 1). Oyster shells were found at every 
station sampled and density was.high (504 bu/acre). Live oysters 
were moderately abundant with a density of 72 bu/acre (Table 4 and 5 ). 
AREA 8: This area 2,352 acres in size is located on the north 
side of the James River and to the west of Newport News Point. It 
is the up-river continuation of Area 2. Here the bottom changes 
rapidly in depth and ranges in composition from mud to coarse sand. 
Out of 70 stations only one contained living oysters. Average 
density was less than 0.1 bu/acre. 
Hard clam density within the area ranged from Oto over 10/grab. 
Areas of local abundance (moderate) were generally along the margins 
of the channels. Out of the 70 stations investigated 13 had densities 
-24-
of 2 or more per grab. Average density for the whole area was 12.1 
bu/acre (Table 4). 
Summary of Oyster Density Areas 7, 8, 9 and 10. 
Studies by Moore (1911/' stated that when oysters occurred .on the 
bottom (in the Nansemond Ridge area) at the rate of about 40 bushels 
per acre, the average tonger may harvest up to 5 bushels of oysters per 
day. We consider that 5 bushels is about the minimum a tonger must 
harvest to realize a days income. 
In evaluating the data in this study, we consider: (1) Areas with 
40 bu/acre may be subject to commercial harvest; areas with less offer 
none or marginal opportunities. In this study, 5 oysters/grab is 
equilivant to 40 bu/acre. Therefore, stations with 5 oysters/grab or 
over are regarded as being commercially harvestable concentrations of 
oysters. 
An inspection of data shown in Table 5 showed that at Area 7 
only 6 out of 113 show densities high enough to encourage commercial 
harvest. In area 8, no area showed densities of over 5 oysters/grab. 
In Area 9 about half the are.as appeared to have harvestable quantities; 
and in Area 10 all had more than 5 oysters/grab. 
Size of Clams in Study Areas 1-10 
Hard clams in Virginia are sold on the basis of the following 
size categories: 
H. F. Moore (1911) Condition and extent of the oyster 
River, Virginia. Bur. Fish. Document 729. 
beds1 of James 
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Littlenecks 
Cherrystones 
Chowders 
60 mm (2.4 inches) or smaller in length 
61 mm - 80 mm (2.4 to 3.1 inches) 
81 mm (3.1 inches) or larger 
On the wholesale market littlenecks and cherrystones are valued 
higher than chowders. 
A representative sample of 1,974 hard clams in Areas 1, 2, 3, 
4, 5 and 6 showed the following percentages of littlenecks, cherrystones 
and chowders, respectively: 14%, 57% and 29% (Table 6). 
In Areas 7 and 8, 97% of the clams were in the littleneck and 
cherrystone range; in Area 9 all the clams were in these two categories 
(Table 6). 
Size of Oysters in Study Area 
A majority of the oysters collected in the study were small 
(less than 3 inches) (Table 6). This indicates that there has been 
recruitment of young in the areas in the past 2 or 3 years. 
III. Review of Other Studies
During the past 5 years VIMS has made detailed studies of 
oyster and clam density in Hampton Roads (below the area covered 
in detail in this report)� During these investigations several 
hundred stations were occupied. These data are too extensive to 
present here in their entirety, but the results are briefly summarized. 
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Table 6 
Length - frequencies of hard clams and oysters around Pig Point 
Clams 
Area Little Neck 
Cherrystone Chowder 
(small size) (medium) (large size) 
1,1-6 14% 51% 
29% 
7 21% 76% 
3% 
8 42% 55% 
3% 
9 38% 62% 
0 
10 0 
0 0 
Oysters 
Area Seed (
Soup Large market 
(3" and over) 
�·,1-6 negligible numbers 
of oysters were caught
7 15% 
60% 25% 
8 0 71
% 29% 
9 31% 
61% 8% 
10 70% 
30% 0 
* McGaughy, et al, op cit
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Oysters are almost non-existant downriver from a line between 
Pig Point and Newport News Point. 
In Hampton Roads the distribution of hard clams is variable, 
and densities range from zero to as high as 150 or more bu/acre, 
dependirg on conditions of the bottom and local hydrography; at many 
locations clams occur in medium to high densities. The most productive 
area is on the north side of Hampton Roads and extends from Newport 
News Point to Old Point Comfort. In this region densities commonly 
reach 25 to 50 bu/acre. This area is 11worked11 by commercial clammers.
On the south side of the James, few hard clams exist upriver from 
Craney Island. Below this point, andextending to the mouth of the 
system at Willoughby·Spit densities similar to those on the north 
side are found. 
Soft Clam Study 
Soft clams are present in the lower James from Craney Island to 
above Knotts Creek in the Nansemond River. They occur in shallow 
water in the intertidal zone to about 3 ft MlW In the intertidal 
area from Oto 0.5 clams per ft2 were collected; off shore a density 
of 3.4/ft2 was indicated (Tables 7 and 8). The offshore populations 
of clams were larger (3 to 3-1/2 11). This latter size is regarded as
too large to be sold as a food item; a limited market, however, exists 
for eel bait. The clams which were found in the intertidal zone (that 
which ebbs bare) may be harvested only by hand rakes. Soft clams, may 
be harvested by mechanical means but a depth of at least 3 feet is 
required to float the boat. 
-28-
Table 7 
Distribution of Mya arenaria as determined by patent 
tongs or by a diver in the lower James - June, 1974. 
No. Mya/ft2 
Distance From Depth Collected 
Station ___l;_bg.£.�d s . MLW P.T. 
Streeter Creek 600 5 0.0 
Streeter Creek 500 3 1.5 
Streeter Creek ticlO 3 0.1 
Streeter Creek 300 3 0.6 
Streeter Creek 200 2 12 0.5 
Hes t Creek '>00 5 3.4 
Boxell Point LiOO y� 0.6 
Bare L1 Point 200 1.� ]_.. -�2 0.0 
I3arell Point 200 2\ 0.1 
!$are 11 Point 100 3 0.4 
Table 8 
Distribution of tl.>.'..':.1: arern�ria in the intertidal zone as 
determined by digging lower James River - June, 1974. 
St.::ttion 
Streeter Creek 
West Creek 
1:no I: I:.:; Creek 
·:, Many t,mall ones in a<lcliUon (not counted).
No. Mya/ 
ft2-
o. 3,•,
0.5 
0.1 
0.0 
No. Holes/ ft2 
Counted 
By Diver 
6-12 
6-12
6-12 
6-12 
-29-
SUMMARY 
A study was made by the Virginia Institute of 
Marine Science May, June and July of 1974 for a joint 
venture of McGaughy, Marshall, and Mc Millan - Hazen and 
Sawyer, to determine density of oysters, hard clams 
and soft clams near Newport News Point and Pig Point, 
in relation to the location of a proposed sewer out­
fall. 
Within the study area on the north side of the 
James medium to high hard clam abundance occurred 
do n-river from Newport News Point with lower levels 
above this zone. On the south side of the channel, 
off Pig Point and the mouth of the Nansemond River, 
hard clams were not present or they occurred at low 
levels of abundance. It is thought that the region 
just above represents the up-river limit of the 
species in the James. 
Previous studies on hard clam distribution 
indicate that the region from Newport News Point to 
Old Point Comfort is highly productive of hard 
clams with densities in some samples approaching 
150 bu/acre. On the south side of the lower James 
a highly productive area begins down-river from 
Craney Island and extends to the mouth of the James. 
This study as well as those made previously 
-30-
by VIMS indicate that oysters are now extremely 
scarce or absent in almost all places down-river 
from a line extending from Newport News Point to 
Pig Point. Above this line on the north side for a 
distance of about 1-1/3 miles they were also shown 
to be almost non-existant. Oyster distribution 
began on the Baylor Grounds on the south side of the 
system beginning at about the mouth of the Nansemond 
River. Densities over most of the area surveyed 
were low. However, on the top of two public rocks, 
Nansemond Ridge and Cruiser Shoals Rock, 35 bu/acre and 
72 bu/acre were recorded, respectively. 
Soft clams were found from the vicinity of 
Craney Island to Knotts Creek from the intertidal 
zone out to a depth of about 3 feet MLW. Clams 
off shore of the intertidal zone were all large 
(3 to 3 1/2 inches}. 
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SUMMARY AND CONCLUSIONS 
1. Dye was released from a NaV\J loading platform located in
Hampton Roads at latitude 36° 56'04" and longitude 76°24'30".
This site was chosen for the release because it is near
the proposed outfall diffuser location.
2. The dye used for the experiment, Rhodamine WT, has a
density of 1.2 gm/cm3. When diluted the dye solution had
a density of 1.11 gm/cm3 which was heavier than the
receiving waters. In order to achieve quicker vertical
·, mixing, the dye was released 1.5 feet below the surface of
the water. The negative buoyancy of the dye assures quick
downward spreading and mixing. This fast vertical mixing
was necessary in order to simulate the effluent from the
diffuser which would be mixed throughout the water column
very quickly by jet action and density difference. The
fact that the dye release is at the surface and the
effluent from the diffuser is at the bottom will not effect
model results as long as the vertical mixing is accomplished.
3. The initial mixing zones for the ebb and flood releases were
determined from the field experiment. These mixing zones
define the regions within which the dye was not completely
mixed throughout the water column during the initial sampling
periods after the dye release.
4. The model results for slack before flood indicated that
little of the effluent constituents would be found west of
vi 
Newport News Point. Maximum concentrations outside of the 
mixing zone were found just off Sewells Point. Thus the 
major impact of the effluent outside of the mixing zone 
is predicted to be in the Norfolk Harbor Reach of the 
Elizabeth River (see C&GS Chart 400) at slack before flood. 
5. The model results for slack before ebb predict the effluent
to be much more widespread throughout the Hampton Roads
than at slack before flood. Concentrations are predicted
to be fairly high throughout the area south of Newport News
Point. Concentrations of effluent are appreciable off
Sewells Point. Major impact of the effluent outside of
the mixing zone will be near Newport News Point and in
the Norfolk Harbor Reach of the Elizabeth River near
Sewells Point.
6. The average wind speed during the dye sampling was 7
knots and the vector average wind speed was only 2 knots
from the south, so the wind would have little effect on
the raw data upon which the model is based. Thus the model 
should not reflect any influence from the wind. 
The wind speed and direction will effect the distribution 
of the effluent from the diffuser in two ways, wind driven 
mass transport and waves. In general the wind drift will 
be approximately in the direction of the wind and at the 
surface will have a speed that is a small percentage of 
the wind speed. Thus a wind from the northeast could have 
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the effect of blowing sewage constituents toward the 
Nansemond River where none are predicted by the model. 
Waves will enhance the vertical mixing and, thus, reduce 
the size of initial mixing zone. 
7. The model results using anticipated average effluent
loadings for 1995 predicted that there will be minimal
effect on the water quality throughout Hampton Roads
from treated effluent discharged at this outfall location.
The maximum predicted dissolved oxygen deficit was 0.4
mg/ 9.. with levels generally below O .1 mg/ 9... The maximum
total phosphorus concentration was predicted to be 15 µg/9..
while the concentration was generally less than 5 µg/9...
The total nitrogen concentration was generally less than
10 µg/9.. with a predicted maximum of 40 µg/9...
8. The model was used to predict the concentrations of fecal
coliform bacteria that would result from the discharge of
unchlorinated secondary effluent. In general east of Pig
Point in the Hampton Roads concentrations were in excess
of the Virginia water quality standards for shellfish
established for total coliform bacteria. A maximum con­
centration of fecal coliforms of greater than 500/9.. (I1PN)
was predicted by the model.
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I. Introduction
The dilution and mixing of sewage with receiving 
water may be considered a two-stage process. The first stage 
is the initial jet mixing. This initial mixing of the 
sewage jet with receiving water produce� a broad field of 
1 
diluted sewage. The second stage of mixing is the turbulent 
diffusion of sewage due to natural turbulence as the diluted 
sewage field drifts with the ambient currents. 
Models for the first stage,jet mixing,have been 
. studied extensively {Fan, 1967; Fan and Brooks, 1969). These 
models are capable of delineating the concentration distribution 
of sewage constituents within the mixing zone. The layout 
of diffuser ports, jet momentum, ambient currents and density 
difference are important parameters affecting the details of 
mixing zone. 
The second stage of mixing is dominated by the 
currents and turbulent characteristics of the receiving water. 
The far field distribution of sewage constituents outside 
the mixing zone is relatively insensitive to initial mixing. 
The ideal models for this stage of mixing are models based 
on equations of motion, continuity and mass balance of 
sewage constituents (Tracor, 1970). These models calculate 
the hydrodynamic characteristics, such as currents, density 
variations, turbulence of receiving water body and use them 
as inputs to the mass balance equation to calculate the 
1 
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concentration distribution. Due to the amount of field data 
required for the formulation and verification of this kind 
of model, it is not always feasible to resort to them for 
problem solving. Simple models based on the solutions of 
point or line source in steady uniform flow field have been 
developed (Brooks, 1959; Csanady, 1973). The extension of 
these simple models to an estuarine environment, where the 
flow field is non-uniform and oscillatory, is not straight­
forward. A purely analytical approach has yet to be developed. 
The model described in this report is a numerical model 
combined with a field experiment. 
The model was developed to estimate the concentration 
distributions of various sewage constituents which would result 
from a proposed sewage outfall. The proposed outfall location 
is in Hampton Roads between Newport News Point and Pig Point 
and south of Middle Ground. The area is characterized by 
complex oscillating tidal flows which greatly increase the 
difficulty of predicting the advection and dispersion of the 
sewage effluent. Because of the complexity of the flow pattern 
a tracer experiment was undertaken and a numerical model 
developed to use the results of the experiment to predict con­
centrations of the sewage constituents of different decay rates. 
This method makes it possible to describe the concentrations 
without a large field effort to measure the various parameters 
necessary for solution of the mass balance equation. 
3 
II. Theoretical Background and Approach
The concentration distribution of a sewage constituent 
in a receiving water body may be described by the mass balance 
equation 
where 
(1) 
+ d ( �) + 
d 
( 
d C 
) k + S ( t) ay ey ay a"z ez "az - C x,
y,z, 
c is the concentration of sewage constituent, 
t is time, 
x,y,z are three orthogonal coordinates, 
u,v,w are velocity components, 
e ,  e ,  e are turbulent diffusion coefficients, 
X y Z 
k is decay rate, 
S (x,y,z,t) is source. 
As it was stated previously, an ideal model would be 
the one based on the solution of equation (1) with the velocity 
components, turbulent diffusion coefficients, decay rate, 
and source as input parameters. The velocity field and 
diffusion coefficients have to be, in turn, solved with a 
hydrodynamic model or measured in the field. Because of the 
efforts involved it was decided that developing such a model 
was unfeasible for this study. 
An alternative way to obtain the concentration distri­
bution of a sewage constituent is to introduce a tracer at 
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the proposed outfall location and measure the resulting 
concentration distribution. The release of the tracer should 
last long enough such that equilibrium condition is achieved. 
Furthermore, different tracers have to be used to simulate 
sewage constituents of different decay rates. This direct 
experimental method is unfeasible in practice because 
1) for each group of sewage constituents with the
same decay rate, a tracer-release experiment
has to be done,
2) tracers of given decay rate cannot always be found.
The approach used in this study is to construct a 
simple model based on the relationship of concentration distri­
butions between decaying and non-decaying substances. The 
experimental results of non-decaying tracer provide the input 
data of the model and the concentration distributions of decaying 
substances are calculated. 
A. The Model for a Steady Flow Field - a model to calculate
the equilibrium concentration of decaying substances from an
experiment using a non-decaying substance.
If N (x,y,z,t,t') and N(x,y,z,t,t') are the concen-o 
tration distributions, at time t, resulting from an instantaneous 
release at time t = t' of non-decaying and decaying substances 
respectively, then (see Appendix A) 
N(x,y,z,t,t') = N
0
(x,y,z,t,t')exp{-k(t-t')} (2) 
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where k is the decay rate. In a steady flow field, the 
functions N and N
0 
depend on t - t', while they are indepen­
dent of the time of release t', therefore 
N
0
(x,y,z,t,t') = N
0
(x,y,z,t-t') ( 3) 
and 
N(x,y,z,t,t') = N(x,y,.z,t-t') ( 4) 
If a tracer is introduced continuously at a constant 
rate (unit mass per unit time) for infinitely long time, an 
equilibrium concentration field will be reached with 
C (x,y,z) = f
t 
N(x,y,z,t-t')dt' 
CO ... 00 
Let T = t-t', equation (5) may be transformed into 
C (x,y,z,) = J00 N(x,y,z,T)dT 
00 0 
(5) 
( 6) 
and, substituting equations (2) and (3), it may also be 
obtained that
C (x,y,z) = J00 N (x,y,z,T)exp(-kT)d1 00 0 0 (7) 
Mathematically, equation (7) states· that the equilibrium 
concentration field of decaying substances may be calculated 
from the results of the tracer-release experiment with a non­
decaying tracer. 
However, it is technically impossible to continuously 
monitor the history of a time-varying concentration field, 
N
0 
(x,y,z,1). The continuous release of a tracer may be
regarded as succession of piece-wise continuous release of 
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duration T. Equation (5) may be written as 
C = J 
t-T
t-T
N(x,y,z,t-t')dt' + J 
t-2T
t-(n-l)T 
+ . • • + J Ndt I + ..• 
t-nT
00 t-(n-l)T
Ndt' 
= Z J N(x,y,z,t-t')dt' 
n=l t-nT
Similarly, equations (6) and (7) become 
(X) 
C = Z 
n=l 
nT 
f N(x,y,z,T)dT 
(n-l)T 
00 nT 
( 8) 
(9) 
C (x,y,z) 
(X) 
= Z J N
0
(x,y,z,T)exp(.:...kT)dT (10)
n=l (n-l)T 
If the time interval T is small compared with the 
time scale required for a continuous release to reach 
equilibrium state, the decaying factor exp(-kT) may be 
2n-1 
approximated as exp(- �2� kT) and equation (10) becomes
where 
(X) 
C = 
(X) z 
n=l 
loo 
= 
z 
n=l 
nT 
(n-l)T 
2n-1 N
0
(x,y,z,T)dT · exp(- �
2
� kT) 
C 
o n 
2n-l (x,y,z,)exp(- �2� kT)
nT 
( 11) 
c
0 n (x,y,z) 
= f N0(x,y,z,T)dT
(n-1) T 
has a physical meaning as the concentration field resulting 
from a continuous release of non-decaying substance over a 
time interval from nT to (n-l)T in the past. Thus, the 
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series C may be obtained from field experiment in which aon 
tracer is continuously released over a time period T and the 
concentration fields are measured at subsequent time instants 
T, 2T, 3T, ••. nT after the beginning of release. Equation 
(11) may then be used to calculate the equilibrium concentra­
tion field of any sewage constituent with decay rate k.
B. Extension of the Model to Oscillatory Fl.ow Fields -
Tidal Estuaries
In the case of a non-steady flow field, the functions 
N0 (x,y,z,t,t') and N(x,y,z,t,t') not only depend on t-t', but 
also on t ', the time when the tracers are introduced. The 
analysis in the previous section cannot be applied, however, 
the model may be easily extended to a tidal estuary if the 
flow field in the estuary is assumed periodic. 
In estuaries where the tidal propagation domina tes 
the flow field, the advective velocities u,v,w and diffusion 
coefficients e , e ,  ez are periodic functions of time. TheX y 
period of fluctuation, one tidal cycle, may be used as the 
time unit and functions N0 (x,y,z,n,n') and N(x,y,z,n,n') may 
be defined as the concentration fields at a particular phase of 
the nth tidal cycle resulting from instantaneous release at any 
phase of the n'
th 
tidal cycle. Because of periodicity, N
0 
and N depend only on n-n•, while being independent of n', 
thus 
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N
0
(x,y,z,n,n') = N
0
(x,y,z,n-n') (12) 
N(x,y,z,n,n') = N(x,y,z,n-n') (13) 
Therefore, the analysis of the previous section is 
still applicable if the time duration of a piece-wise con­
tinuous tracer release T equals a tidal cycle. 
Equation (11) gives the equilibrium concentration 
at the particular phase of tide when the concentration fields 
are measured at successive tidal cycles. Of the concentration 
fields varying with phase of tide, the most significant ones 
are those at slack water before ebb (SBE) or high water slack 
and at slack water before flood (SBF) or low water slack 
because they are the extremes of the tidal excursion. 
In the Hampton Roads, the depth is much smaller than 
the horizontal dimensions of the water body. Vertical mixing 
by tidal currents is strong so that, at a location outside of the 
mixing zone, the vertical variation of water constituent concen­
trations is negligible when compared with horizontal variations. 
The vertical homogeneity is especially true during late summer 
when the density stratification is weak and when the water quality 
problem is severe. Therefore, the horizontal distribution of 
concentration fields are measured in the tracer-released experiments 
and vertical homogeneity is assumed. Vertical distribution of dye 
was measured at several locations during the field experiment 
and they confirmed the vertical homogeneity. 
Let a non-decaying tracer be released at the proposed 
outfall location continuously over a tidal cycle from SBE 
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to SBE and let 
CH (x,y} be the measured concentration field atn 
the nth SBE after release begins,
CL (x,y} be the measured concentration field at n 
the nth SBF after release begins, 
then, according to equation (11}, the equilibrium concen­
tration field at SBE may be expressed as 
CH(x,y) = I 
n=l 
CH (x,y}exp (-2n-l kT} n 2 (14} 
Since the concentration fields CL are not measured 
at the same tidal phase when the tracer-release begins or ends, 
the decaying factor of equation (11} has to be modified. The 
first concentration field CL1 is measured at time when the
tracer has been released for only half tidal cycle, the decaying 
1 
factor is exp(- 4 kT). For n > 2, the concentration fields 
CL are measured at (n-1) tidal cycles after the mid-time ofn 
tracer release, the decaying factor is exp {-(n-l)kT}. There-
fore, equation (11) is modified to 
CL(x,y) 
1 
= CL1(x,y)exp( - � kT)
00 
+ I
n=2
CL (x,y)exp {-(n-l)kT}n (15) 
In deriving equation (11), the decaying factor 
2n-l 
exp(-kT) is approximated by a constant exp(- �2� T) over
the time interval t = (n-l)T to t = nT. The error introduced 
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by this approximation may be reduced by shortening the duration 
of continuous tracer release T. For a tidal estuary, this 
may be easily achieved by separating the tracer-release into 
two parts: one continuous release over ebb tide and another 
continuous release over flood tide. Successive concentration 
fields at SBE and SBF are measured for both releases and 
constant decay factors applied to each of the measured concen­
tration fields. 
Let 
CHF (x,y) be the concentration field of flood tiden 
th release, measured at the n SBE,
CHE (x,y) be the concentration field of ebb tiden 
th release, measured at the n SBE,
CLF (x,y) be the concentration field of flood tiden 
th release, measured at the n SBF,
CLE (x,y) be the concentration field of ebb tiden 
th release, measured at the n SBF.
then, for a non-decaying substance, the CH and CL in equations 
n n 
(14) and (15) may be expressed as
�n 
CL n 
= CHF 
n 
+ CHE n
CLFn-l + CLEn = { 
CLE n
n > 2 
n = 1 
(16) 
(17)
For a decaying substance, different decaying factors 
are applied to the two parts of CH and CL , and equations n n 
11 
(14) and (15) become
00 
CH(x,y) I CHF (x,y)exp {-= 
n=l 
n 
00 
+ I CHE (x,y)exp {-
n=l 
n 
00 
CL(x,y) = I CLF (x,y)exp {-
n==l 
n 
00 
+ I CLE (x,y)exp {-
n=l n 
The adjustment of j kT and -
2n-l 
(--2 
2n-l 
(-- +2 
(
2n-l 
+
2 
2n-l 
(--2 
!)4 kT} 
(18) 
!) 
4 kT} 
!)
4 
kT} 
( 19) 
!) 
4 kT} 
1:_ kT 4 for the decaying
factors of concentration fields from half-tidal cycle tracer-
releases improves the accuracy over a continuous full tidal 
cycle release. 
! 
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III. Field Experiment and Its Results
A. Field Procedures
During the dates of July 30 through August 2,
August 5 through August 9 and September 5, 1974, a study 
involving the use of a fluorescent dye as a tracer was 
conducted in the Hampton Roads area of the James River estuary 
in Virginia. This area included that body of water from the 
mouth of the river to the James River Bridge (approximately 
12 miles upstream), the Nansemond River estuary to Town Point 
and that portion of the Elizabeth River ·estuary to Lambert 
Point. The study plan was to release the dye at a constant 
rate over 1/2 tidal cycle, either ebb or flood, then monitor 
the dye concentration distribution during subsequent slack 
water periods. This monitoring was to be accomplished by 
two boats, with in situ fluorometry equipment and recorders 
installed, running a series of preplanned transects with a 
Raydist navigation unit for navigational control. These 
transects were laid out to cover the largest area in the 
shortest time, and still be close enough to other transects 
to obtain a true representation of dye concentration throughout 
the study area. In addition to these transects, samples were 
collected during slack water periods from various depths in 
the Hampton Roads and Nansemond River estuary by VIMS personnel 
on board the u. S. Army Corps of Engineers vessel Adams, and 
a small VIMS runabout. 
On each of the three occasions the dye was released 
from a no longer used, u. S. Navy maintained, ammunition 
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loading platform in Hampton Roads, 1-3/4 nautical miles due 
south of Newport News Point, at latitude 36°56'04" and longitude
76°24' 30". This location was chosen as the release. point because
it is the closest structure to the area of the proposed outfall. 
The dye used was Rhodamine WT, which is manufactured 
and sold by E. I. DuPont de Nemours & Company. This dye is sold 
only in 20% solution with a density of 1.2 mg/cm3, it was
diluted by one-half with water drawn from Hampton Roads in order 
to adjust the density to be more nearly that of the receiving 
water. The density of the diluted dye solution is about 1.11 
mg/cm3, 9% heavier than the receiving water. To achieve rapid
spreading of the dye throughout the water column, the dye 
solution was injected near the water surface (1.5 ft. below water 
surface). The negative buoyancy would assure fast downward 
spreading and mixing. The time required for the dye solution to 
reach the water surface was estimated to be on the order of 103
seconds, which was confirmed in the field experiment. 
A routine preliminary run of the complete series of 
transects was conducted on 30 July. The preliminary run was to 
map the background fluorescence. The order of natural fluorescence 
was found equivalent to hundredths of part per billion dye concen­
tration, with an average about 0.02 ppb. 
At 2203 hours, 30 July, the first dye release was begun on 
the ebbing tide. A constant release rate of 40 gallons per hour 
of the diluted dye solution was accomplished by means of a calibrated 
nozzle and manually adjusted constant head in a large mixing barrel. 
The dye flow was stopped at 0536 hours, 31 July, at slack before 
14 
flood thus having continued for an entire ebb period of 7 hours 
and 33 minutes, and releasing a total of 300 gallons of dye 
solution into the Hampton Roads. 
The second dye release started at 1943 hours, 5 
August, using the same release rate, and continued for 5 hours 
22 minutes during a flood tide period, ending at 0105 hours, 
6 August. A total of 213 gallons of dye solution was released 
during this flood tide. 
At 0155 hours, 6 August, one of the two in situ dye 
monitoring boats became disabled and was unable to complete 
the assigned transects. This necessitated a revision of the 
transects so that one boat could monitor the dye throughout 
the area. This was accomplished with good results. However, 
the dye concentration was not adequately monitored for the 
initial slack water period due to this breakdown. This made 
necessary a third portion of the study to gather these missed 
data. 
Therefore, on 5 September at 0908 hours a third 
dye release began, as the tide started to flood, lasting 
until 1407 hours the same day at slack before ebb. During 
this time 60 gallons of diluted dye solution were released 
at a rate of 12 gallons per hour. The dye concentration was 
monitored for the first slack water period, slack before ebb, 
and the dye monitoring was concluded. 
B. Field Equipment
The two in situ moving boats for this study were a
42-foot Bruno & Stillman fiberglass hull work boat and a 23
foot Penn Yann all fiberglass boat. Each boat was equipped 
with a Raydist navigation system, consisting of a digital 
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readout navigator, the data-logger which printed out coordinate 
locations, and the interval meter which measured time between 
printouts. 
The fluorometry equipment aboard each boat consisted 
of a Nova sine-wave DC to AC inverter as a power supply, a 
Turner Model 111 Fluorometer, a small Jabsco Mini-Puppy pump 
to draw the water from a depth 0.5 ft. below surface and 
circulate it through the fluorometer, and a Hewlett-Packard 
Model 680 Strip Chart Recorder for recording the dye concentra­
tion data. 
Dye concentration was measured by the Turner Fluor-
ometer which in this case measures the amount of light given 
off by any fluorescent substance absorbing light in the green 
region of the spectrum (546 nm) and emitting light in the red 
(�590 nm). This is done by a series of colored light filters 
isolating these particular wavelengths before and after the 
sample, then by use of a photomultiplier tube, this light 
measurement can be compared to actual dye concentrations meas­
uring in the hundredths of a part per billion. This measure 
of light is referenced from a source within the machine itself. 
The difference between 'sample light' and 'reference light' is 
sent as an electric signal to a servo motor, driving a shaft 
which is mechanically connected to a dial exterior to the 
machine. This dial is graduated from Oto 100 aptly called 
fluorescence units. 
Calibration of the Turner Fluorometer is accomplished 
by placing the field sample intake and exhaust into a known 
volume of fresh water, then incrementally adding known volumes 
of a known dye concentration so that a curve of final dye 
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concentration versus 'fluorescence units' is obtained. This 
procedure is followed at the beginning and the end of a sampling 
day so that any shift in calibration may be taken into account 
during reduction of the raw data from the strip charts. 
As a double check, dye grab samples were taken at 
intervals, then analyzed in the laboratory and checked against 
the flow-through data for any discrepancies. 
C. Hydrographic Conditions During the Experiment Period
The experiment was conducted when there was little
density stratification in the water column (Volume 3, Neilson). 
The average flow at Richmond for July and August 1974 was 3656 
cfs, about half of the average yearly flow. All three sampling 
periods occurred between spring and neap tides. Thus the tidal 
heights and currents were near mean values during the experiment 
with an average tide range throughout the area of about 2.8 feet 
and a mean maximum current of 1.2 knots. 
The average wind speed during the sampling period was 
about 7 knots and was generally blowing from the southwest.. The 
vector average wind speed is 2 knots from the south. 
Summer conditions are most critical for oysters because 
this is their spawning season and they are therefore most 
susceptible to environmental stress at this time. 
D. Results
The data gathered during the field experiment consisted
of strip chart records of dye concentrations with associated 
times and dates and Raydist navigation printouts of Raydist 
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coordinates with its associated times and dates. This data 
was transcribed onto charts, one chart per slack water. The 
resultant dye concentration data was then hand contoured. The 
resultant dye concentration in parts per billion are shown in 
figures 1-16. The scheme for characterizing the resultant 
dye concentrations (CHEn' CHF , CLE , CLF) was described n n n 
previously in section IIB. 
(i} 
CLE1-SBF
Figure 1 
31 July 1974 
CHE1-SBE
Figure 2 
31 July 1974 
0810 
CLE -SBF 2 
Figure 3 
31 July 1974 
1543 
18 
Ebb Release - 30 July - 2 August 1974 
The dye was swept east by the ebbing tide past 
Craney Island into the Norfolk Harbor Reach 
where it was entrained in the northward ebbing 
waters of the Elizabeth River to the mouth of 
the James at Old Point Comfort. Maximum excur­
sion of dye was 6 miles. The dye concentrations 
(>10 ppb) were maximum near the release point 
in the initial mixing zone. The initial mixing 
zone is defined as the region surrounding the 
release point within which the dye has not reached 
the water surface. This was determined by the 
fact that little dye was detected by the fluoro­
meter while high concentrations of dye were 
visible under the water surface. 
During the flood tide, dye was swept back into 
Hampton Roads where some dye was found north of 
Middle Ground in Newport News Channel and on 
Hampton Flats. Maximum dye concentrations were 
in excess of 5 ppb. The main body of the dye 
was located south of Middle Ground. The dye was 
swept approximately 2 miles upstream past the 
release point. Some dye was entering the 
Elizabeth River. 
Some dye was advected past Old Pt. Comfort into 
the Chesapeake Bay. The dye concentrations were 
maximum (>1 ppb) off Sewells Pt. and in the 
Elizabeth River by Craney Island. The dye patch 
was mainly in the Harbor Reach from Tanners Pt. 
CHE3-SBE
Figure 4 
1 August 1974 
0856 
CLE4-SBF
Figure 5 
1 August 1974 
1624 
CHE
5-SBE
Figure 6 
2 Aug�st 1974 
CLE6-SBF
Figure 7 
2 August 1974 
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to Sewells Pt. Very little dye was north 
of Middle Ground or west of Newport News 
Point. 
Large gradients of dye concentration present 
after the first few slack waters were now 
absent. The maximum concentrations (>.25 ppb) 
were located in the Norfolk Harbor Reach. 
Dye was swept upstream past Newport News 
Point but concentrations were low. 
The highest concentrations of dye (>0.2 ppb) 
were now found at the mouth of the James 
off Old Point Comfort. Very little dye was 
found west of the release point with concen­
trations throughout the Hampton Roads area 
being small. 
The highest concentrations (>0.2 ppb) were 
located in the entrance reach of Hampton 
Roads. Very little dye was now located west 
of the release point, or south of Craney 
Island in the Elizabeth River. 
The dye concentration was fairly uniform 
throughout the study area east of Newport 
News Point with maximum concentrations 
{>O.l ppb) located over Hampton Flats. Very 
little dye was measured in the Elizabeth River 
or west of Newport News Point. 
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(ii) Flood Release - 5 August - 9 August 1974,
5 September 1974 
CHF1-SBE The initial plume was advected Northwest 
Figure 8 past Newport News Point. Very little 
5 September 1974 
CLF -SBF 1 
Figure 9 
6 August 1974 
0608 
CHF2-SBE
Figure 10 
6 August 1974 
1130 
dispersion was noted. Maximum dye 
excursion was about 2.5 miles upstream. 
Maximum concentration of greater than 
4 ppb was noted. (This initial slack 
water was from a repeat of the initial flood 
release experiment (5-9 August 1974) since 
there was inadequate coverage of the dye 
patch during initial slack water due to boat 
problems. This concentration field has been 
adjusted to the same dye release rate of 
previous release). 
Major concentration of dye was in the 
Hampton Roads with the dye patch heading 
towards Old Point Comfort. An independent 
patch of dye was located due south of the 
dump site and West of Craney Island. Maximum 
concentrations were greater than 1 ppb in 
Hampton Roads. No dye was found upstream of 
Newport News Point. 
The dye was now considerably spread out with 
dye found from Sewells Pt. to the James River 
Bridge. Maximum concentration (>0.5 ppb) was 
located about a mile due south of Newport News 
Point. 
CLF
3
-SBF
Figure 11 
7 August 1974 
CHF4-SBE
Figure 12 
7 August 1974 
CLF4-SBF
Figure 13 
7 August 1974 
CHF5-SBE
Figure 14 
8 August 1974 
CLF5-SBF
Figure 15 
8 August 1974 
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Dye concentration was diminished with maximum 
concentration greater than 0.2 ppb. Dye was 
found mainly in Hampton Roads area east of 
76°25'. Little dye had entered the Elizabeth 
River. 
Maximum concentrations (>0.2 ppb) were 
located due south of Newport News Point and 
in Norfolk Harbor Reach. Little dye was 
found upstream of the Newport News Shipyard. 
Maximum concentrations (>0.15 ppb) were 
located east of Newport News Point with very 
little gradient in that area. Dye was well 
spread throughout the study area. 
Maximum concentrations of greater than 0.3 
ppb were located over Hampton Flats area. 
Concentrations east of Newport News Point 
were generally greater than 0.15 ppb. Dye 
was found in measurable amounts almost to 
the James River Bridge. 
Greatest concentration of dye (>0.15 ppb) 
was found off Old Point Comfort. Throughout 
the rest of the study area the concentration 
was less than 0.15 ppb with no sharp 
gradients present. 
CI-IF6-SBE
Figure 16 
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8 August 1974 
Maximum concentration (>0.2 ppb) was 
measured just off Newport News Point. Dye 
concentrations greater than found on 
previous slack water (slack before flood) 
were found throughout the area. 
The vertical variations of dye concentration were 
measured occasionally by grab samples at surface, mid-depth and 
bottom at selected stations in the study area. Those data were 
obtained during one slack before ebb and one slack before flood 
and are shown in figures 4 and 10 for comparison with the surface 
fluorometry data. The vertical average concentrations are shown 
within brackets in the figures. The following lists give the 
vertical average, maximum and minimum concentrations. 
(data shown in figure 4) 
Station 
El 
E2 
E3 
E4 
ES 
Average (ppb) 
0.18 
0.14 
0.10 
0.11 
0.23 
(data shown in figure 10) 
Station 
Fl 
F2 
F3 
F4 
F5 
Average (ppb) 
0.4 
0.44 
0.39 
0.46 
0.05 
Extremes 
0.24-0.15 
0.18-0.11 
0.13-0.05 
0.14-0.10 
0.28-0.15 
Extremes 
0.46-0.29 
0.46-0.42 
0.47-0.34 
0.50-0.44 
0.06-0.03 
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IV. Method of Interpolation
As stated in equations (18) and (19), the model 
requires as input data the concentration fields at every 
slack before ebb and slack before flood after each of the 
dye releases. In actual field experiment, the measurements 
of dye concentrations were discontinued when the dye concen­
trations were about 4 or 5 times the background readings. 
The truncation error was estimated to be of order of 3% 
for a conservative substance. The truncation errors of non­
conservative substances are smaller. 
Because of limited manpower and difficulties of 
night time navigation, measurements were often skipped 
during night time slack water. The concentration fields at 
the skipped slack water have to be estimated before the 
equilibrium concentrations can be calculated by the model. 
The problem of interpolation is to estimate the 
concentration field C(x,y) at SBE or SBF from the measured 
concentration fields c1(x,y) and c2(x,y) at the previous and
next SBE or SBF. The concentration fields c1 and c2 may be
considered as the evolution of concentration field C (x,y) 
0 
existing some time in the past, say t
0
• Hence, neglecting 
the net movement of the dye patch from slack water to slack 
water, 
2 
C(x,y,t) = ff 
Co(xo Yo)
exp {-
(x-x
0
)
?. 
+ (y-y 
0)
}dx dy 
0 0 4Tie(t-t
0) 4e(t-t )0 
for t >  t 
0 ( 20) 
and c1(x,y)
= C(x,y,t1)
c2(x,y) = C(x,y,t2)
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To estimate C(x,y) at time t, with t1
<t<t2, three
cases are considered: 
equation 
and 
where K 
(i) case cl = c2
It is assumed that
(ii) 
The 
(20) 
cl 
=
c2 
=
C = 
C = 
case 
C = 1 
cl 
c2 
>
c2
C (x , Y ) 
f O O O d . h . d f actor 4ne(t-t ) 
ominates t e 1ntegran o 
0 
and it is assumed at a given (x,y) that 
K 
t -1 
K 
t2
-
K 
t -
t 
0 
to
to
(21) 
(22) 
(23) 
is constant. Since to is time measured from arbitrary
origin, it may be set that 
tl 
= 0
t = 1 tidal cycle 
and t2 
= 2 tidal cycles.
Substituting t, t1 and t2 into equations (21), (22) and (23),
it is obtained that 
C = 
(iii) 
2c1c2
cl
+ c2 
case c1 < c2
The factor exp {-
2 2 (x-x ) + (y-y )
0 0 
4e (t - t ) 0 
(24) 
} dominates 
the integrand of equation (20) and it is assumed at a given 
(x' y) that 
cl 
= Kl exp (
-
C2 
= Kl exp ( 
and C = Kl exp ( 
-
K
2 
t -1 
25 
to 
K
2 
t2
- t
K2 
t - t
where K1 and K2 are constant. 
(2 5) 
(26) 
(27) 
Substituting t, t1 and t2 into equations (25), (26) 
and (27), it is obtained that 
C = exp (28) 
Equation (28) has a singularity at c1 = 0. A small 
number is assigned for c1 to avoid the singularity. 
26 
V. Data Processing and Model Results
A. Data Processing
An 8.5 mile by 7 mile grid with 0.1 mile spacing
was constructed of the study area. The contoured slack 
water dye concentrations were then digitized at this 0.1 
mile interval in order to get the dye data into useful form 
for computer processing. Each slack water monitored produced 
5950 data points not all containing dye information due to 
the presence of land masses in the area. 
This digitized slack water dye data was then checked 
for errors in coding, omissions of da'ta, mispunching, etc. 
by use of a computer program that produced a line printer plot. 
Once the data had been corrected, it was stored on magnetic 
disk, one file for each slack water run. 
Since not all slack waters that occurred during the 
study period had been monitored due to crew rest periods, 
it was necessary to interpolate the dye concentration between 
slack waters of the same type (i.e. either slack before flood 
or slack before ebb) for these missed slack waters. This 
was done using the scheme described in section IV. The data 
used for the interpolation was pulled off the disk and the 
interpolated data was punched out on cards and a line printer 
plot was produced. If the interpolated data looked reasonable, 
it was then stored on disk. The result was that after all 
processing and interpolation had been completed 22 data sets 
resided on disk, 11 slack waters for the flood dye release 
and 11 slack waters for the ebb dye release. The data were 
?.7 
now ready for use in the modelling program, the scheme for 
which is described in Section II and the program is listed in 
Appendix B. 
Using the method previously described (Section II) 
equilibrium concentrations and concentrations for various 
decay rates for both slack before flood and slack before ebb 
were predicted using the digitized dye information from the 
point source. The output from the program was a deck of punched 
cards and a CalComp plotter output with concentrations written 
on each of the 5950 grid points. This CalComp output was then 
hand contoured. Results from this effort are presented in figures 
17-28 and are discussed in Section V(B). The results were not
machine contoured due to the expense of running a contouring 
program and the fact that a contouring program was not readily 
available. 
B. Model Results
Concentrations, corresponding to an effluent release
of 800 pounds per day, were predicted by the model using tracer 
experiment results. Concentrations for both slack before flood 
(SBF) and slack before ebb (SBE) are presented for conservative 
substances and also for constituents having various decay rates 
(k). The decay rates investigated were 0.05, 0.10, 0.15, 0.20 
and 0.30 per day which cover the range of decay rates of most 
important sewage constituents. The decay rates have been reported 
to be around 0.05/day for chlorine, 0.1-0.15/day for more 
resistent type coliform bacteria, 0.0�-0.20/day for nitrogenous 
biochemical oxygen demand and 0.10-0.30 for carbonaceous bio­
chemical oxygen demand. 
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The initial mixing zones for the ebb release and the 
flood release are shown in the equilibrium concentration fields 
at SBF and at SBE respectively. These mixing zone� were 
determined from field experiment and define the region within 
which the dye released during the immediately preceeding half 
tidal cycle was not completely mixed throughout the water column. 
The concentration fields within these mixing zones have to be 
accepted with reservation. In reality, the sewage outfall will 
have its own initial mixing zones (one for SBF and one for SBE) 
With sizes depending on the mechanical construction and hydraulic 
characteristics of diffusers. The model results apply only 
outside of the mixing zones, which ever are larger, the ones 
shown in the figures or the one dictated by actual diffusers. 
i. Slack Before Flood
As could be expected, the maximum concentrations of
conservative and decaying substances were found in the initial
m· . ixing zone (Figures 17-22). Generally little of the effluent
is found west of Newport News Point. Maximum concentrations
outside of the mixing zone were found just off Sewells Point 
in the Norfolk Harbor Reach of the Elizabeth River. Generally 
the die-off due to various decay coefficients has a limited
effect on the amount of constituents present. This is caused
by the fact that the initial slack water after release of the
effluent is the main determinant of the distribution pattern
due to the high concentrations found at that time. The decay
Will effect this distribution the least since the decay is
time dependent. The concentration of the effluent constituents
29 
does decrease somewhat with increasing decay coefficient. The 
major impact of the effluent outside of the mixing zone for 
this SBF will be in the Norfolk Harbor Reach of the Elizabeth 
River. 
ii. Slack Before Ebb
The concentration patterns (Figures 23-28) for slack 
before ebb are much more widespread throughout the area than 
those for SBF. Maximum concentrations are found in the initial 
mixing zone and due west of the mixing zone. Concentrations 
are fairly high throughout this area south of Newport News 
Point with a large patch found just west of the point. Con­
centrations of effluent are appreciable off Sewells Point. 
Again, as was the case at SBF, the concentrations are not 
effected significantly by the various decay coefficients for 
the same reasons as stated previously. Major impact of the 
effluent outside of the mixing zone will be near Newport News 
Point and in the Norfolk Harbor Reach of the Elizabeth River 
near Sewells Point. 
VI. Estimate of Dissolved Oxygen Deficit
The dissolved oxygen concentration may be also 
described by the mass-balance equation 
a 
( e 
ao
) 
a 
( 
ao 
ax X ax + 3y ey ay
+ 2-- (e2 .E.2.) - � k.C. + y (O - O)dZ az i=l l l S 
(29) 
where O is dissolved oxygen concentration, C. 's are oxidizable 
l 
sewage constituents and k. 's are their decay rates, y is
l 
reaeration coefficient and O is saturated oxygen concentration.s 
While the same advective and diffusive processes govern the 
dissolved oxygen and introduced sewage constituents, the 
kinematics of sink (or decay) and source are quite different. 
The model can not be applied directly to calculate DO.
The model described in this report predicts the 
equilibrium concentration Ci 
of oxidizable sewage constituents
only at slack water before ebb or before flood. To make a
conservative estimate of DO, it is assumed that the concen­
tration field c. remains fixed throughout the tidal cycle
l 
and that DO concentration stays in equilibrium with respect to
source and sink, i.e. 
y (0 - 0) = s 
n 
� 
i=l 
k.C.
l l 
(30) 
In principle, the concentration field Ci includes
0xidizable substances from all sources. To calculate the
effect on DO from the proposed sewage outfall alone, it is
31 
more convenient to calculate the DO deficit 
D = 0 -s 
and 
n k. 
D 6 l c. = 
i=l y J. 
( 31) 
DO from each sewage constituent and 
additive with individual contribution
proportional to its source strength and decay rate. Equation
(31) was programmed with output of previous model as input.
The deficit of 
each source is linearly 
The DO deficit can be calculated using this program for any
assigned rate of decay and BOD source strength. Figure 29 is
an example of DO deficit at SBE assuming 10,000 lb/day of BOD
discharge with BOD decay rate 0.2/day, and a reaeration
coefficient 0.1/day. For the given input conditions, a maximum
dissolved oxygen deficit of 0.18 mg/1 was predicted by the
model. Thus the addition of sewage to Hampton Roads from
this point source should not have an appreciable effect on
the dissolved oxygen concentration.
VII. Applications of the Model
This model may now be applied to a variety of 
situations that result from various loadings at this sewage 
outfall location. Linear decay coefficients are assumed for 
all non-conservative substances. The applications of the 
model are described below: 
A. Nutrients
Both total nitrogen and total phosphorus can be
considered conservative substances (k=O). The model, using 
procedures outlined in Section II, can predict the concentra­
tion of these nutrients that would result from various loadings 
at both slack before ebb and slack before flood. Figures 17 
and 23 show concentrations of a conservative substance for 
SBE & SBF respectively for a loading of 800 pounds per day. 
The concentration distribution resulting from loading other 
than 800 pounds per day may be obtained by multiplying the 
numerical numbers in figures 17 and 23 with a linearly propor­
tional constant. 
B. Coliform Bacteria
The coliform bacteria densities due to both die-off
(k>O) and growth (k<O) of coliform bacteria can be predicted 
by the model using procedures outlined in section II. The 
slack before ebb and slack before flood coliform densities 
12 resulting from a 3.63 x 10 counts per day loading and a 
decay rate of 0.05 per day are shown in figures 18 and 24. 
The iso-concentration contours in the figures should have 
33 
units of MPN/100 ml instead of ppb for this application. 
C. Dissolved Oxygen and Biochemical Oxygen Demand
The concentrations of BOD throughout the Hampton
Roads area can be predicted at both SBE and SBF for various 
loadings and decay rates using the procedures outlined in 
section II. Figures 19-22 and 25-28 show the concentration 
of BOD that would result from a loading of 800 pounds per 
day for decay rates of 0.1, 0.15, 0.2 and 0.3 per day. 
The dissolved oxygen deficit that would result from 
the oxidation of BOD is predicted following the method outlined 
on section VI. Figure 29 shows the DO deficit at SBE for a 
loading of 10,000 pounds per day and a decay rate of 0.2 per 
day. 
D. Heavy Metals
This model may be applied to predict the distribution
of heavy metals if the heavy metals can be considered con­
servative substances or if the settling of the heavy metals is 
proportional to their concentration. If these are not reasonable 
assumptions then this model should not be used for the purpose 
of predicting heavy metal concentrations. 
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Figure 18. SBF, K=0.05, predicted dye concentration in ppb. 
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Figure 21. SBF, K=0.20, predicted dye concentration in ppb. 
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· Appendix A
Let C
0 
(x,y,z,t) be a concentration field of a 
conservative substance which satisfies the advection­
diffusion equation 
ac + ac + ac ac at UdX V c) y + Waz =
a ac + l_ ac +
3y (ey oy) az (ez az) - kC 
+ S (x,y,z,t)
(Al) 
with k = O, then the concentration field 
C(x,y,z,t) 
= C
0
(x,y,z,t) exp(- ktj (A2) 
is a solution of equation (Al) if the source S(x,y,z,t) is 
an instantaneous release. 
Substituting equation (A2) into (Al), it is obtained 
that 
or 
- kc + s (x,y,z,t)
Since C satisfies equation (Al) with k = 0, therefore 
0 
O = S ( x, y, z , t) - S ( x, y , z , t) exp ( -kt) 
-kt (1 - e ) S(x,y,z,t) = 0 (A3) 
fj 5 
Equation, (A3) is satisfied, if 
S(x,y,z,t) = O, or 
S(x,y,z,t) = f(x,y,z,) o(t) 
where o(t) is a delta function, f(x,y,z,) is an arbitrary 
function of x,y,z. Therefore equation (A2) is true if the 
source is an instantaneous release or no source at all, which 
is a trivial case. 
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Appendix B 
Program HWS1PLT3 
This program is setup to predict the concentration, 
in parts per billion, of either a conservative or non­
conservative substance at either slack before flood (SBF) 
or slack before ebb (SBE) that would result from a release 
of 800 pounds per day of that substance. For each case, 
SBF & SBE, 11 data sets are used in the prediction. For a 
SBF prediction the 11 SBF conditions that were monitored 
for both flood and ebb releases must be used and they must 
be used in a certain sequence. The ebb release data must 
be used first �nd then the flood release data with sequencing 
from the first slack water after release to last. For a 
SBE prediction, the flood release data must be used first 
then the ebb release data with sequencing from first slack 
water after release to last. If a different source strength 
(lb/day) is desired, all non-negative data points in every 
data set must be multiplied by the new source amount and 
divided by 800. The decay coefficient, XK, is input to the 
program with XK = O, for a conservative substance and the 
decay coefficient has the units of per day for a non­
conservative substance. 
The output of the program is an 85 by 70 grid of 
data points containing the predicted concentration at each 
non-zero grid point. A zero grid point is an indicator of land. 
This grid of numbers is plotted by a CalComp plotter and hand 
contoured. Each condition is saved on magnetic disk for 
future reference. 
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//H't>'S1PLT3 Jru l l'ft)l,t1 V32, lO),JACOuSO'\J,:',SGLl:V[L=l,CLASS=T 
/*SETUP·---·- - {.;1S-K ·0S003l 
/*SETUP PLTJ21 
// [XFC FLRT�l[T,Fllt\�M=MVi2J�J3 
/ / F C. R 1 • S Y S I f.J [· � * 
l.J I M H.J S I rJ \J , I ·: U F ( L O O O ) , H C A U F K ( l I ) , X Y ( 5 9 5 0 l , X X ( 5 9 6 J l 
DhT� XY/595G*O./ 
l FORMAT(l7A4l 
2 FORMAT(lOF').2) 
,3 F lJ R M AT ( l O f 5 • 2 , 2 7 X , I 3 l 
T= 12.42/24. 
REAL.l(5, llhEt'\tJER 
REALJ(5,2)Xt<. 
DU 1.0 l=l,6 
RE f, u ( 14 , 2 , l ,.1) = 5 l ( XX ( J J l , J J = l , ') J 51 l 
5 XI = I 
[., C 2 0 K = 1 , 5 ':15 0 
IF(XX(K).LT.-0.S)GO TO 20 
xx<�> = xxtKl*rXPt-t.*<XI-u.75l*T*XKl ·,
XY(K) = XY(�)+XX(K) 
20 Cll'..JTI'..JltE 
10 COI\JflNUI: 
DO:>? 1=1,5 
I 
RFA0(14,2,E�0=45) (XX(JJ),JJ=l,5951) 
45 Xl=l 
30 OQ 40 �=l,S}50 
lf-(XX(�').LT.-0.5)GO TIJ 40
XX(N) = XX(�)*E�P(-l.*(XI-J.25l*T*XK) 
XY(N)=XY(N)+XX(�) 
40 CONTINUE 
55 Cllt\JTlNllF 
CALL PLOTS( IBUF,2000) 
CALL PLOT(l.,-11.,-3) 
CALL SYMBOL(-l.,0.5,0.14, 'JACLlBSQN VIMS DYE STUDY',90.,25) 
CALL £YMeOL(l.,i.,0.14,HFADFR,90.,68) 
CALL PLUT(3.,0.5,-3l 
vs = 36. 
1"=0 
DCJ :::.o I=l,2 
CALL AX1S(O.,O.,'FAST - WEST',-11,21.5,0.,0.,4.) 
CALL ,"i.XI.'.:>(O.,O.,''\JL:RTH - SdUT!1 1 ,1·1,9.,'10.,YS,-4.)
y = '} � 
DO 60 J=l,3'> 
Y = v-n.25 
X = u • 
DO 60 K=•l,85 
X = X+'.).2:> 
I·�= r� + l 
l = XY(M)•::.t�,o. 
CALL NU��[R(X,Y,0.07,L,O.O,-li 
60 CONTINUE 
Y':.l = VS t- 1':i.
CALL PLOT(3J.,U.,-3l 
50 CONTI'\JUE 
CALL PLOT(3J.,-ll.,999) 
WRITE(l5,2) f..Y 
CALL EXIT 
E�D 
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IIGO.fTl4FOOl ur U�I1=2314,VOL=':.)FR=JS0031,DISP=SH�, 
II 0SN=MV,2JPJ.FL0vl.Sf:E 
I IGO.FT14f002 L,J U'\JIT=2314, vnL=SE�=JS0Q31,L)l SP=SHR, 
II DSN=MV,2JPJ.FLD03.5�E 
I/GO.FT14FU03 JD U�IT=23l4,V�L=SEK=DS0u31,DISP=SHR, 
II DSN=MV12JPJ.fLOu5.SHE 
IIGO.FT14FOu4 UU UNIT=2314,VUL=SfR=Ll�003l,D1SP=SHR, 
II 0SN=�V12JPJ.FLDU7.SCE 
IIGO.FT14F005 �D U�IT=L314,VOL=SE�=OS0031,DISP=SHR, 
II USN=�V3LJPJ.FLD09.SEE 
I/GD.�Tl4F006 DO UNIT=2314,VOL=�ER=OS003l,D1SP=SHR, 
II DSN=f<IV12JPJ.FL011.SP.f-
IIGO.FT14F007 GD U�IT=2314,VOL=SER=JS0031,JISP=SHR, 
II 0SN=�V32JPJ.EBP02.SBF 
IIGO.FT14F008 DD UNII=23l't,VOL=SEK=JS003l,t>ISP=SHR, 
II DSN=MV32JPJ.f�804.SRE 
/IGD.FT14F009 LiD UNIT=2314,VOL=SER=OS0031,l)ISP=SHR, 
II 0SN=�V12JPJ.EBR06.SBE 
IIGQ.FTl4FU10 GD UNIT=2314,VOL=�E�=JS0031,DISP=SHR, 
II DSN=�V32JPJ.EPEJ8.SBE 
IIGO.FT14f0ll DD UNIT=2314,VOL=SFR=OS0031,DISP=SHR, 
II DSN=�V32JPJ.E8B10.SCF 
I I G O • f T 1 5 I- 0 0 1 [; 0 U I'� IT ::. 2 3 l 4 , VO L = S � R = 0 S O O 3 l , SP A C F = ( TR K , ( l , l ) , R L S E ) ,
II UC�=(RECF�=FH,L�ECL=50,ALKS1lt=6000),D1SP=(NEW,KEEP), 
I I 1)SN=MV,2JPJ .HWS30
IIGC��YSIN DD * 
.3 
Ii 
HIGH vU,TF.R SLACI\. DECAY COEF-FICIENT = Q.3 
L 
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APPENDIX C 
Model Results for Specified Conditions 
Using the anticipated average effluent loadings for· 
1995, the design year, the model was used to predict the distri­
bution of total nitrogen, total phosphorus and dissolved oxygen 
deficit at both slack before flood and slack before ebb through­
out the Hampton Roads. The distribution of fecal coliform 
bacteria will be negligible with the anticipated average 
effluent loadings and the model was not run to predict their 
.concentration. The model was also used to predict the distri­
bution of fecal· coliform bacteria that would result if unchlorinated 
secondary effluent was discharged into Hampton ·Roads. 
Anticipated Average Effluent Loadings 
Flow 
BOD5
TSS 
D.O.
'rotal Nitrogen 
Total Phosphorus 
Fecal Coliform Bacteria -
16 MGD 
4,000 J.b/day(carbonaceous) 
4,000 lb/day 
O mg/ 9,
2 5 mg/9, (as N) 
10 mg/9, (as P) 
70/100 m9, (MPN) 
Unchlorinated Secondary Effluent 
Flow - 16 MGD
Fecal Coliform Bacteria - 3 x 105/100 rn9, (MPN)
The main conclusion that can be drawn from the model 
results for the 1995 loading is that there will be minimal effect 
on the water quality throughout Hampton Roads from this treated 
70 
effluent discharged at this outfa11 location. 
The maximum predicted dissolved oxygen (D.O.) deficit 
is found in the initial mixing zone at slack before flood 
(SBF) and is only 0.4 mg/9, (Figure C-1}. Outside the mixing 
zone the D.O. deficit is only on the order of 0.1 mg/9,. At 
slack before ebb (SBE) the maximum D.O. deficit is about 0.25 
mg/.Q, just west of the initial mixing zone (Figure C-2). The 
D.O .  deficit throughout the Hampton Roads is generally greater
than that found at SBF, especially_in the area between Pig 
Point and Newport News Point. 
The total phosphorus predicted at SBF has a maximum 
of 15 µg/9, while the distribution throughout the Hampton Roads 
is generally less than 5 µg/Z (Figure C-3). At SBE the maximum 
concentration is 10 µg/Z which is found near the outfall location 
(Figure C-4). 'I'he concentration is less than 5 µg/9, in most of 
Hampton Roads. 
The maximum total nitrogen concentration at SBF is 
40 ug/9, and is generally less than 10 ug/9, (Figure C-5). At 
SBE maximum total nitrogen concentration of greater than 20 µg/.Q, 
are predicted to occur between Newport News Point and Pig 
Point (Figure C-6). Throughout the area concentrations are 
generally less than 10 µg/i. 
Fecal coliform bacteria concentrations were predicted 
for the case when unchlorinated secondary effluent is discharged 
into Hampton Roads. At SBF the fecal coliform bacteria con­
centrations in that part of Hampton Roads east of Newport News 
Point generally exceed the Virginia water quality standards 
71 
for shellfish established for total coliform bacteria 
(70/ml (MPN)) (Figure C-7). At SBE, the fecal coliform con­
centrations are above the standards for shellfish for total 
coliforms over a larger area than at SBF and extend west of 
Newport News Point (Figure C-8). The situation predicted by 
the model is the concentration distribution that would occur 
from an equilibrium condition, that is, this unchlorinated 
secondary effluent is discharged into Hampton Roads for days 
rather than hours. 
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SBE, predicted fecal coliform distribution (MPN/mt) for 1995 unchlorinated effluent. 
